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It’s a change in Tex- 
rope* Super-7 V-Belt 
color... from its well-known red 
to a war-time black. The only 
change in design is in color — and 
the color change is only skin-deep. 
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VL/Y. To free additional stores 

| of red-pigmented rubber 
for meeting America’s special and 
growing war-time needs, Allis- 
Chalmers gladly surrenders — on 
its own initiative — the red surface 
pigmentation of Texrope V-Belts. 
WHEN. Texrope V-Belts are 
ees *"* being produced in 
black now . .. and with stocks of 


red belts on hand you are assured 
of no curtailment in supply or in 
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TEXROPE 


Goes to a war-time black! 


the range and number of sizes 
available. 

Texrope’s loss in identifying 
color is Uncle Sam’s gain. That's 
right and proper. And your loss 
is zero. Every last one of the 
famous Texrope design features 
remains the SAME! 


Today, when your production 
depends on your V-Belt equip- 
ment, get all the advice and help 
that’s yours for the asking at your 
Texrope dealer or nearby Allis- 
Chalmers district office. Or write 
Allis-Chalmers, Milwaukee, W's. 
*Trade mark registered U. S. Patent Office. ie 
rope Super-7 Belts are the result of the co-operauve 
research and design genius of two great companies 


— Allis-Chalmers and B. F. Goodrich — a’ 
sold exclusively by Allis-Chalmers. 


Available in all sizes 1/, hp to 2,000 hp 
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How to keep your Jennings Heating Pumps 
in First Class operating condition for Duration... 


































































































SELECTOR} | COMPOUND SEPARATOR | 
SWITCH GUAGE — 
VACUUM RELIEF 
VALVE 
SEPARATOR 
i FLOAT VALVE 
. 
[RETURNS | 
CONNECTION 
FLOAT STRAINER 
SWITCH CLEANOUT 
GUAGE 
] 1 GLASS 
WATER 
DISCHARGE 
DRAIN PLUGS 


YOUR JENNINGS 
RETURN LINE VACUUM HEATING PUMPS 


are an important part of plant or building equipment. They cannot 
be easily replaced and must last for a long time. Jennings Pumps 
are designed for long life, and have extra capacity which will 
count when it may be difficult to maintain lines and equipment 
free from leaks, but to give full service they must have proper care. 


Now that these pumps have been in service all winter on 
the heating system, they should have a thorough inspection. 
Special attention should be given to the bearings, as no wearing 
contact occurs in a Jennings Pump as long as the ball bearings 
are properly maintained. 


In most cases Jennings Pumps will require only the check- 
up we have recommended. If additional adjustments or repairs 
are found to be necessary, they should be undertaken at once. 
Do not wait until both time and materials are running short. Nash 
Service Branches are established throughout the United States. 
If you do not know the address of the one nearest to you, write 
directly to this office. Nash Service is yours to command, NOW. 


SERVICE POINTERS 


4b LUBRICATE PUMP AND MOTOR 
BEARINGS . . . Check bearings 
for end play, or radial play, and be sure 
they contain no grit, or foreign matter. 
If found to be clean and in good condi- 
tion, fill with proper non-acid grease |u- 
bricant. If motor has oil lubricated bear- 
ings, flush out with fresh oil, and refill. 


@ CLEAN STRAINER AND STRAINER 
SCREEN .. . Clean strainer well 
and strainer screen. If screen is found to 
be worn, and has passed foreign mat- 
ter, thoroughly flush both receiving tank 
and pump casing. Drain plugs are con- 
veniently located . . . Damaged screen 
should be repaired or replaced at once. 


&) RENEW STUFFING BOX PACKING 
... Remove old packing and clean 
stuffing box. Fill with new loose-woven 
graphite-impregnated stuffing box pack- 
ing, in individual rings. Be sure joints are 
staggered, and that ends butt properly 
without over-lapping. Do not finally tight- 
en gland until pump is again in operation. 


A) HAVE MOTOR AND CONTROL IN- 
SPECTED ... Have an experienced 
electrical service man go carefully over 
motor and control. Follow his recommenda- 
tions and if repairs or replacements are in- 
dicated, have the work done immediately. 


5 CHECK OPERATOR'S INSTRUC- 
TION BOOK... If operating instruc- 
tions originally furnished with the pumps 
have been lost, write to us at once for a new 
copy for each pump. BE SURE TO FURNISH 
US THE TEST NUMBER OF EACH PUMP, 
as stamped on the pump name plate. 


6 IF PUMPS REQUIRE REPAIRS . . . 
and you do not know the address 
of our nearest Service Branch, notify us 
at once, and we will have our Service 
Engineer get in touch with you without 
delay . . . There are well equipped Nash 
Service Branches in most principal cities, 
ready to give you every possible help. 


NASH ENGINEERING COMPANY 


254A WILSON ROAD °° 


SOUTH NORWALK, 


CONN. 


» 
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Ventilation for Control of Fumes 


in Wartime Welding Work 


SUMMARY — Control of fumes from 
electric welding is of immense impor- 
tance in keeping men on the job, by 
avoiding the otherwise inevitable days 
off for sickness and for maintenance of 
worker efficiency and morale. Necessity 
for such control is especially apparent in 
the shipbuilding industry, but is just as 
essential in all plants and shops employ- 
ing welding for production for victory. 
_. .. Mr. Hemeon, engineer with the 
division of occupational hygiene of the 
Massachusetts department of labor and 
industries, gives practical, how-to-do-it 
data here. He covers local exhaust, the 
size of the safety zone, and practical 
limitations, presents a specification, dis- 
cusses hose size, the possibilities in using 
static pressure regain, importance of ven- 
tilation service crews, use of semi-port- 
able fans, general ventilation, shop ven- 
tilation, floor welding, bench welding, 
and describes a method of measuring 
fume control 


THE NECEssITY for control of fumes 
from electric welding is most ap- 
parent in the shipbuilding industry 
where thousands of welders are em- 
ployed, some in the confined spaces 
of ships under construction, others 
by the scores in auxiliary shops. 
Many yard operators, though bur- 
dened with the task of getting an 
important job of production done, 
have realized that a part of that job 
is in protecting the welders from 
excessive concentrations of fumes, 
although their efforts in that direc- 
tion have not in all cases been suc- 
cessful. 

Control of these fumes is of im- 
mense importance for keeping men 
on the job, by avoiding the other- 
wise inevitable days off for sickness 
and for maintenance of worker effi- 
ciency and morale. It is unfortunate 
for the war production program that 
these factors have not been appre- 
ciated in all quarters. 

Experience indicates that there is 
some misapprehension as to the 
principles of ventilation applicable 
to this problem, and it is the pur- 
pose of this article to deal with these 
principles and their practical appli- 
cation. 


Local Exhaust 


For routine control of welding 
fumes in confined spaces, the prac- 
tical method is local exhaust, 
wherein the welder is provided with 


W. C. L. Hemeon Tells How to Control 
Electric Welding Fumes to Keep Production 
Men on the Job in Shipyards and Industrial 


Plants and Shops 


the free end of a flexible metal hose 
which leads to an exhaust fan dis- 
charging to the outer atmosphere. 
For welding in ships where location 
of the work is constantly changing 
these fans must be portable (with 
certain exceptions), and there are 
fans on the market especially de- 
veloped for this purpose that have 
a high degree of portability. 

The mere presence of the exhaust 
hose in the compartment with the 
workman is no guarantee that fumes 
will be effectively removed. There 
is nothing automatic about it. 

The welder must place the end 
of the hose within a few inches 
of the welding point; and since the 
welding location changes continu- 
ally, the position of the hose must 
also be frequently changed. This 
feature, obviously, is a disadvantage 
but one which is overcome to a large 
extent by instructions to the worker 
and by his own experience in de- 
veloping the habit. This method of 
fume control is fundamentally sim- 
ilar to the exhaust units in common 
use for control of dust in granite 
cutting, which also requires consci- 
ous placing of the exhaust hood near 
the dust source. 


Safety Zone 


Air flow through the hose cre- 
ates a “zone of suction” or “safety 
zone”’ around the end of the hose; 
and if the welding takes place within 
this zone, all fumes will be effec- 
tively removed, otherwise not. The 
“radius” of this zone is determined 
by the rate of air flow into the end 
of the hose and may be calculated 
in accordance with the equation 

Q=V (102 + A) 
where Q = cubic feet of air per minute; 
V =%75 fpm, the minimum velocity in 
Space required to capture and direct the 
fumes into the hose; + = distance in feet, 
from the end of the hose to the point in 
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space where the velocity of 75 tpm 
induced; A = area in sq ft of hose end 

Since V, the controlling velocity 
for welding fumes, is fixed at 75 
fpm [Tebbens and Drinker, Journal 
of Industrial Hygiene and Toxicol 
ogy, September, 1941] and A 1s in 
significantly small, the equation may 
be simplified for welding as fol 
lows: 

O 750 2 

Thus if a “reach” of 12 in, (a 
1) is to be attained, then an ait 
flow of 750 cfm would be required 
If the boundary is to be 6 in. distant 
(x Y%) an air flow of a little 
less than 200 cfm would be re 
quired. An air flow of 50 cfm would 


Fig. 1—Illustrating significance of vary- 
ing air flows through end of hose in 
terms of size of “safety zone” induced. 
The larger this zone, the better, but 
practical considerations limit it. A mini- 
mum air flow of 200 cfm is recommended 








Vlestrating significance of 
varying air flows fhrouwgh end 
of Aose in terms of size of 
“sofety zone” induced. The 
forger this zone the better, 
but practical considerations 
“itnit it. A minimum @ir flow 
of 200 cfm is recommended. 
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place the safety zone boundary at a 
distance of a little over 3 in. 
(x = 0.2 ft.) 

The preceding figures apply to 
the hose and fume source when 
there is no baffling of air flow in the 


vicinity. Actually this is almost 
never the case, because both hose 
end and source are usually adjacent 
to a wall which prevents flow of air 
from that quarter. For this more 
cormmon situation, the boundary of 
the safety zone, measured along the 
axis of the hose end, is about one- 
third greater than the figures given 
above. Thus, for an air flow of 50 
cfm, the maximum reach is not over 
4 in.; for 200 cim it is about 8 in.; 
and for 750 cfm, about 16 in. These 
relations are diagrammatically illus- 
trated in Fig. 1. 

Obviously, the larger safety zone 
created by the larger air flow is best 
since it requires less attention on the 
part of the worker to the position of 
the hose. 


Limitations 


\ir flow and the consequent area 
of safety zone are, however, limited 
stringently by practical considera- 
tions. Portability requirements fix 
the maximum size of exhaust fan 
and weight of motor. The necessity 
for maneuverability of the flexible 
hose during use limits its size in 
practice to 3 or 4 in., with the for- 
mer limit very much preferred be- 
cause less cumbersome. 

Analysis of the operating char- 
acteristics of the portable exhaust 
fans manufactured primarily for 
such ventilation work by _ three 
manufacturers who specialize in 
this field, in conjunction with the 
considerations of safety zone areas 
and hose maneuverability, justify 
the following ventilation § specifica- 
tion for control of fumes incident to 
electric welding in confined spaces. 
(Portable in the sense used here 
means portable ‘by one man; crane- 
portable units are discussed later). 


Specification 


Each welder shall be provided 
with a flexible metal hose through 
which is exhausted not less than 
200 cfm of air, discharged in such 
manner that the working atmos- 
phere is not recontaminated. 

The above-mentioned commercial 
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portable units will meet this mini- 
mum specification when exhausting 
through approximately 40 ft of flex- 
ible hose, a length which corre- 
sponds to common practice in ship- 
yards. As shown above, an air 
flow of 200 cfm provides a safety 
zone around the end of the hose 
with an effective radius of about 8 
in. (see Fig. 1) which is reasonably 
adequate, since it avoids the fatal 
shortcomings of smaller radius 
zones. That is, too little air flow: 

a) requires fussy attention to place- 
ment of the end of the hose. Result: 
Waste motion or incomplete fume control. 

b) requires too frequent shifting of the 
position of the hose. Result: Waste mo- 
tion or incomplete fume control. 

c) renders it impractical in some weld- 
ing positions to place the hose end close 
enough to the welding point to remove 
the fumes. Result: Lack of fume con- 
trol. 

Thus there is a joint responsibil- 
ity in this method of fume control— 
the employer’s to provide each 
welder with a safety zone of a mini- 
mum size (6 to 8 in. radius as above 
defined), and the worker’s to move 
the end of the hose as his work 
progresses so that he is always 
welding inside the safety zone pro- 
vided. 


Hose Size 


In order to demonstrate the 
capabilities of various portable ex- 
haust units, the pressure-volume 
characteristic curves for several, to- 
gether with various system (hose) 
characteristics, have been plotted, 
the intersections of which define 
actual air flow through the hose size 
or combinations of hoses whose 
curve is represented. These are 
shown in Figs. 2 to 6. The pres- 
sure loss—volume curves for the 
hose are shown only for the mini- 
mum sizes required to pass 200 cfm. 

Friction loss in flexible metal 
hose was found in field tests to be 
approximately 25 per cent greater 
than that in sheet metal ducts, and 
the system characteristics have been 
drawn on that basis. 

The Roman numerals indicate the 
number of parallel hose lines repre- 
sented by a given curve. Curve II, 
for instance, represents the system 
resistance of two 40 ft hose lines in 
parallel and is made up of points 
representing double the air flow of 
a single hose line at the same fric- 
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tion loss. 

The results of this analysis 
that unit “175V” must be used 
4 in. hose to meet the local ex! 
specification and that one unit 
handle three 4 in. hoses in pa: 
This unit is primarily designe 
supplying fresh air at low pre 
through large diameter canvas 
to spaces requiring it and is ¢! 
fore not as well adapted to 
exhaust. 

It is seen that units “645 (> 
“660 (S)” and “680 (S)” ma 
used with 3 in. hose. Unit “645 
can handle four such hoses in 
allel, “660 (S)” only three hose 
parallel and “680 (S),” tw 
parallel. 

A comparison among these “* 
units further indicates that y 
“645 (S)” is superior to the ot! 
for run of the mill work wher 
to 50 ft hose lines are adequ 
“660 (S)” and “680 (S)” 
greater capacity where necessa: 
exhaust through greater lengths 
hose—up to 75 ft (single line onl; 
for “660 (S).” The capacity 
“645” at free delivery is about tly 
same as “175V.” 

Unit “200 XE” has some interest 
ing features. The analysis of tl 
curves discloses that it will operat 
in conformity with the 200 cfm sp 
ification when used with one 3 
hose. The inlet and outlet pieces | 
this fan are 1% in. diameter, w! 


has led users in shipyards to 


erroneous idea that 1% in. hos 


should be attached to it. A cu 
(not shown) for hose of this si 
discloses a maximum air fi 
through it of not over 50 ef 
which, as has been shown, is gross! 
inadequate. Hence, properly used 
3 in. to 1% in. tapering connectior 
should be provided at the inlet 
accommodate 3 in. hose. 


Static Regain 


It may be noted, also, that 
velocity at the fan outlet of this u 
is more than 16,000 fpm (200 ct 
1% in. pipe) with a velocity pres 
sure of almost 17 in. water. Her« 
an opportunity for a really spectacu 
lar use of a diverging nozzle, wh 
in ordinary industrial exhaust sys 
tems often seems to be worthwh! 
if it can regain ™% in. static pres 


sure. In the present case a rega!! 
of more than 12 in. is easily realiz« 
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Such a fitting can easily be made 
and attached by the user. The ta- 
pering piece 1% in. by 3 in. diam- 
eter should be 8 in. or more long, 
as shown on Fig. 6. The character- 
istic curve of Fig. 6 is based on the 
inclusion of an abrupt expansion, 
the only data available. It never- 
theless serves the purpose of dem- 
onstrating that this unit will exhaust 
well beyond 200 cfm with a pressure 
regain fitting—even an abrupt ex- 
pansion. [For a discussion of static 
pressure regain in air ducts, see ar- 
ticle by J. R. Fellows in the April, 
1939, HPAC]. 


Service Crews 


The conditions peculiar to ship- 
building that require portable ven- 
tilating units are the same ones dic- 
tating the necessity for a ventilation 
rew serving the welders—con- 


stantly changing locations, work in 
spaces not easily accessible, tangle 
of power lines, hose, etc., and the 
importance of keeping welders at 
the job of welding, not pulling hose 
and fans around from one location 
to the other. Some large shipyards 
have such crews, comprising in some 
cases scores of men whose job is to 
service the ventilating equipment 
under the direction of a ventilating 
engineer. Anyone who has seen the 
tangle of hose and power lines that 
results in the absence of such servic 
ing will readily appreciate the truth 
of the statement that such an or 
ganization is of importance equal to 
proper exhaust equipment. 


Semi-Portable Fans 


In some circumstances a semi- 
portable type steel plate fan may be 
set up with a sheet metal exhaust 
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Fig. 2—Capacity of unit “645 (S)” is 200 
cfm through 40 ft of 3 in. metal hose. 
maintaining this capacity in each of four 
hose lines arranged in parallel. Horizon- 
tal curve is fan characteristic, while 
numerals designate hose resistance 
curves for one, two, three or four lines 
in parallel. Free delivery capacity is 
about 1450 cfm 

Fig. 3—Fan “660 (S)” has capacity sufli- 
cient to serve three 40 ft hose lines in 
parallel (3 in. diameter), maintaining 200 
cfm minimum air flow in each. Curves 
also indicate it capable of maintain- 
ing minimum air flow through 75 ft 
of a single hose line. No. “645 (S).” of 
Fig. 2 has almost no reserve capacity 
as to hose length 

Fig. 4—Fan “680 (S)” has capacity for 
only two 3 in. hose lines in parallel, 450 
cfm for two lines, i.e. 225 cfm through 
each 

Fig. 5—Fan unit “175V” has capacity for 
three parallel hose lines when hose is 4 
in. diameter. Free delivery capacity is 
about 1500 cfm 

Fig. 6—Fan unit “200 XE” with diverging 
expansion nozzle at outlet (dimensions 
shown) has capacity of more than 200 
cfm when used with a single 40 or 50 ft 
length of 3 in. hose. For very great 
lengths of hose, two units may be con- 
nected in tandem 
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pipe extending through hatchways 
partially into the hull, with 3 in. 
nipples at convenient intervals to 
which flexible metal hose may be 
attached and lead to more distant 
locations where welding is to be 
done. As with the portable units, 
each hose should exhaust at least 
200 cfm; hence the fan specification 
should be based on this quantity 
times the maximum expected num- 
ber of hoses to be served. Total 
pressure will be that through the 
hose plus additional losses through 
pipe and will be independent of the 
number of hoses in use. 

Another arrangement sometimes 
used employs either a steel plate fan 
or vacuum exhauster sitting on the 
deck which may be moved by crane 
as required and which has capacity 
to serve six or eight hose lines ar- 
ranged in parallel. 

Some yards provide a permanent 
central exhaust fan with main pipe 
running the length of the shipway 
at the side of the hull, with connec- 
tions for 3 in. hose lines at desired 
intervals leading across and down 
into working spaces below. The size 
of the main pipe should be large 
enough to result in friction losses 
that are low compared with those 
in the branch hose lines. In this 
way adequate air flows are more 
readily obtained in branch lines at 
the tail end of the system. An ex- 
haust fan having a relatively flat 
(i. e., nearly horizontal) character- 
istic curve in the operating range 
has distinct advantages over one 
with a steep characteristic curve. 


General Ventilation 


Control of fumes by dilution in 
confined spaces should not be at- 
tempted where production welding 
of galvanized steel is done on a large 
scale. General ventilation, there- 
fore, as by means of so-called ship- 
hold ventilators which attempt to 
discharge large volumes of outside 
air into the working space should 
not be considered as other than a 
temporary measure; for not only is 
it seldom practical to deliver large 
enough volumes of air, but it is vir- 
tually impossible in practice to avoid 
kinks in the canvas supply hose 
which reduce the flow from such 
portable units markedly. Under fa- 
vorable circumstances, general ven- 
tilation may be satisfactory where 
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welding is on black iron but is not 
as satisfactory as local exhaust. 


Shop Ventilation 


The very nature of shop welding, 
on the other hand, permits greater 
flexibility, and dilution may in some 
circumstances be practical in part. 
(For confined spaces in shops, such 
as the interior of tanks and pressure 
vessels, the same standards as de- 
scribed for shipways apply.) 

To maintain concentrations of 
fume from welding of black iron 
within reasonable limits (15 mgm 
per cubic meter of air), an air flow 
of 500 cim per welder is required 
where welding rods do not in gen- 
eral exceed 5/32 in. This rod size 
is the rule in ship work. Higher 
rates of ventilation are required 
where larger rods are used or where 
work is on galvanized metal (see 
Table 1). 

Table 1—General Ventilation Required 


in Shops for Control of Fumes from 
Welding* 


Ventilation Rate 


Rod Size, | per Welder, 


In. we cfm 
Black Iron 
fs | 500 
| 800 
“4 1400 
vn | 2400 
¥ 3000 
Galvanized 
3 or stainless 
i 1500 


*Tebbens, B. D., and Drinker, P.: Ventila 
tion in arc welding with coated electrodes. The 
Journal of Industrial Hygiene and Toxicology, 
23, 7, 1941. 

It is apparent that where much 
heavy welding is done or where a 
large amount of galvanized steel is 
welded, general ventilation is not an 
economical method. 

Furthermore, in most shops the 
floor is likely to be very drafty, so 
that while there is a natural tend- 
ency for welding fumes to rise well 
above the welder’s head before dis- 
persing, this is not always the case 
where there are drafts to blow the 
fumes toward the welder’s head. 


Floor Welding 


Local exhaust or combinations of 
this method with general ventilation 
remain the best methods for most 
shop welding. Straight local ex- 
haust systems for shops do not re- 
quire any of the equipment to be 
portable except the hoses. There- 
fore, an ordinary centrifugal fan, 
centrally located, can be used in 
conjunction with a sheet metal ex- 





haust system having nipple con 
tions at convenient intervals 
which flexible metal hose may ly 
tached as desired and run along 
floor to welding points. 

Where structural columns |; 
the shop into bays, fixed br 
lines may be run from an ove: 
main down such columns to a 
near the floor with nipple com 
tions for hoses thus provided at « 
column. 

As in the case of portable w 
on shipways, local exhaust sho 
provide for an air flow through 
hose of not less than 200 
Hence, the fan capacity should 
vide this air flow through the ma 
mum expected number of hoses 
be used, regardless of how mai 
more branch connections with c| 
sure caps may be provided for 
venience. 

When for reason of shop siz 
special operating difficulty it is 1 
practical to run hose lines fi 
welding points to a system discharg 
ing directly outdoors, recourse may 
be had to portable blowers of th 
types discussed for shipways with j 
short lengths of hose which serve t 
remove fume from the vicinity of 
the welder but which then discharg: 
into the shop atmosphere a_ short 
distance away. Supplementing this 
arrangement, general ventilation is 
necessary at the minimum rate 
dicated in Table 1. As has been 
pointed out, this may mean ver) 
wasteful heat loss in cold weather 

Combinations of the above may 
sometimes be indicated. Thus, for 
very wide shops, a central station, 
local exhaust system may serv 
welding areas adjacent to walls, 
while those areas in the center which 
are not convenient to reach from 
the central station system may be 
served by portable exhaust units 
discharging into the shop atmos 
phere with appropriate amount of 
general ventilation. 


Bench Welding 


Where small-sized work is 
always brought to the same _benc! 
location for welding, ideal ventila 
tion may be provided in the form of 
a local exhaust system. It is com 
mon practice to use hood supporting 
mechanisms of a type originally de- 
veloped for granite cutting. One of 
these employs 4 in. rubber hose; 

[Concluded on page 346] 
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How a Hotel Chain Maintains 
Its Air Conditioning Systems 


Dinkler System Employs Specialist Who 
Visits Each Hotel During Winter Months..... 
Methyl Chloride Substituted for “Freon” in 
Some Cases Because of War Program..... 
By H. W. Genone, Vice-President in Charge 
of Engineering, Dinkler Hotels 


SUMMARY — An organization owning 
and operating air conditioning installa- 
tions in several cities must establish 
certain standards of design, installation, 
operation and maintenance to assure sat- 
isfaction and economy. Planned operat- 
ing and maintenance procedures are par- 
ticularly important in wartime because 
of the greater demands on equipment and 
material restrictions. . .. . Mr. Genone 
briefly outlines here some of the prac- 
tices of the Dinkler chain, which serves 
seven southern cities. During the winter 
months, a maintenance specialist from the 
home office travels from hotel to hotel, 
inspecting the equipment and making 
necessary repairs and changes. He is on 
call 24 hours a day for assistance when 
anything the local people can’t handle 
develops. . . . . Due to a diffieulty in 
obtaining “Freon” refrigerant because of 
the war program, two of the installations 
were changed over to methyl chloride, 
with satisfactory results. 


Tue SevEN Dinkler hotels have ap- 
proximately 1500 tons of public 
space air conditioning. Plenty of 
outside air is used—approximately 
15 cim per person. For example, one 
of the rooms seats approximately 
700 people. It has 100 tons of air 
conditioning ; there are four 25 ton 
compressors and two 50 ton evapo- 
rative condensers. The system is so 
designed, with pneumatic controls, 
that every compressor is controlled 
to take care of the load as the 
people enter the room. This gives 
needed flexibility, as sometimes the 
parties range from 100 to 200 
people. 

The ventilating system exhausts 
smoke and air back through the 
evaporative condensers, which im- 
proves performance over using out- 
side air for this purpose. 


Bedrooms 


Some of the bedrooms of our ho- 
tels are served by duct systems, but 
more recently a method which has 
proved quite satisfactory during the 


last two seasons has been adopted 
In the Jefferson Davis, at Mont 
gomery, Ala., 28 individual air con 
ditioning units are installed directly 
under the windows. There is an 
opening cut through the wall un 
der the copper 
screened duct set in flush with the 
brick wall. In the 
room are two circulating lines for 
chilled water and drain, which run 


window, with a 


corner of the 


Purpose of national hotel week, June 1 to 7, 
ciation, is to feature hotels as an asset to the community and a service to the Nation 


ON THE HOME FRONT 
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third floor to the r 


This piping is boxed in, 


from the 
plastered 
and covered like a column Phe 
with cork and 


she ll 


cooler and circulating pump. The 


lines are imsulated 


connected to the and tub 
chilled water circulates through the 


pipe lines, down through the au 


conditioning unit, and back to the 
cooler. Operation is economical, fo 
each room is individually air cor 
ditioned, which is also of advantage 
from the standpoint of inter-roon 
noise transmission \s the guest 


comes into the room, 1f he 
air conditioning, he turns on 


own unit. During the night, if he 


decides he does not want th 
conditioning, he runs just the far 


for ventilation. In winter, hot water 
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circulates through the same pipe 
lines. 


Maintenance 


For the maintenance of our air 
conditioning installations, one man 
travels in winter from hotel to hotel, 
inspects the machinery, air condi- 
tioning units and condensers, and 
makes necessary repairs and 
changes. He stays at each hotel and 
gets each system adjusted before 
he leaves to go to another. This is 
a very satisfactory arrangement as 
the chief engineers and engineers 
that are stationed at the hotels for 
other purposes do not understand 
the fine adjustments of expansion 
valves and electrical and air con- 
trols as well as does an expert. 
When this man leaves a hotel, he 
teaches the one who is best fitted 
for the job to look after the system 
until he returns. Then, if there is 
some minor trouble, the local man is 
able to make repairs. Should seri- 
ous trouble develop, the mainte- 
nance man is on call 24 hours a day 
for the Dinkler chain. 

The standard requirements of the 
Dinkler chain are based on an inside 
temperature of approximately 78 F 
dry bulb and 50 per cent relative 
humidity and an average of 15 to 
20 cfm of outside air per person, 
depending upon the type of room or 
space; the amount of smoking gov- 
erns this to a great extent. 


Refrigerant Shortage 


The war production program has 
made it difficult for us, at times, to 
obtain “Freon” gas, on which all of 
the air conditioning equipment in 
the Dinkler hotels has been operated 
in the past. However, this incon- 
venience has been overcome when 
necessary by substituting methyl 
chloride. Such a change over was 
made in two particular instances. 
At one of the “drum” rooms—a 
drinking place at the Savannah ho- 
tel, Savannah, Ga.—a 15 ton unit 
was changed from “Freon” to 
methyl chloride and is giving very 
satisfactory results. At the St. 
Charles, in New Orleans, methyl 
chloride was substituted for 
“Freon” in the 10 ton unit serving 
the barber shop. 

The only trouble caused by 
changing a system from “Freon” to 
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methyl chloride is in the expansion 
valves. The present expansion 
valves have been closed down as 
much as possible. If these had been 
permanent change overs, more satis- 
factory results would be obtained by 
using expansion valves designed es- 
pecially for methyl chloride due to 
the orifice in a “Freon” expansion 
valve being much larger than for 
methyl chloride. A factor also to be 
considered is the effect of methyl 
chloride on aluminum parts. 

Last year it was impossible for 
us to buy any “Freon” at all; there- 
fore, when the “Freon” on hand was 
exhausted, the methyl chloride had 
to be substituted. At the present 
time, “Freon” can usually be ob- 
tained ; however, there is a shortage 
of the cylinders, and cylinders 
should be returned to the refrigerant 
manufacturers promptly. 

[Note: R. J. Thompson, Kinetic 
Chemicals, Inc., said last month 
there is enough “Freon” available 
for servicing all refrigerating ma- 
chinery in the U. S. and friendly 
foreign countries, and for the initial 
charge in such refrigerating ma- 
chinery permitted to be built under 
WPB limitation orders. | 


Roof Garden a 
* 


One of our most recent air con- 
ditioning installations is for the 
Ansley roof garden, or Rainbow 
room, in Atlanta. This room has a 


very artistic mirror and lighting 
rangement carrying out the rai: 
effect, with a seating capacity o' 
to 800 people and a dance floor 
will accommodate approxim: 
250. The equipment comprises 
12,000 cim conditioning units | 
with two circuit cooling coils 

heating coils. The refrigera 
plant comprises four 25 ton | 
pressors and four evaporative 

densers. Zone control, using p: 
matic and electric apparatus, 
employed. 

All four of the 25 ton units 
installed for separate operation, | 
being very desirable for room 
this type where the load may 
from 25 to 100 per cent of n 
mum. As a means of adequat: 
tilation, outside air ducts are 
stalled for maximum fan int 
There is an exhaust system hay 
a maximum capacity of 18,000 . 
which can be controlled so as to | 
out air in proportion to load 
quirements when refrigeration c 
pressors are required, or take 
up to 80 per cent of supply fan . 
pacity during mild weather whe: 
refrigeration equipment isn 
needed. 

One of the most important 
conditioning factors, especially wit 
a room of this type, is the selectiot 
of the proper supply outlets a: 
their proper location, so as to ha 
a balanced induction of condition: 
air throughout the room. 








Ventilation for Control of Fumes — 


[Concluded from page 344] 


others are all metal with 5 in. duct. 
Air flows of 400 to 500 cfm are com- 
monly provided because these large 
duct. sizes permit them with only 
moderate friction losses. It may 
readily be seen that with such air 
flows the welding safety zone is very 
large compared with those attain- 
able with portable blowers, and con- 
trol of fumes is a simple matter. 


Measuring Fume 
Control 


A simple suction measurement 
with a U tube at the free end of the 
hose provides a convenient check 
method for plant supervisors, in- 
spectors or others interested in as- 
certaining to what degree the 200 
cfm specification is met. For 3 in. 
hose the measurement should be 
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made at a small hole approximate! 
4 to 6 in. from the hose end. 
suction of 2 in. of water is equiva 
lent to 200 cfm in hose of this siz 
The plant’s principal responsi 


bility can be said to have been met 


if such measurements equal or ex 


~<ceed the above value. Thencefort! 


"the efficiency of fume control is ce 


pendent upon faithful use of thes 


devices by the welders. It 1s 

the plant responsibility, however, ' 
provide proper servicing of t! 
equipment, which includes crews | 
lay hose lines to welding points fror 
exhausters. In large shipyards suc! 
crews ought to be under a man 


perienced in exhaust systems, [01 
many situations in ship welding ca! 


for special combinations of ventila 
tion equipment to effect adequat: 
fume control. 
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How to Protect Equipment 
Against Failure of Flow 


New Data Allow Easy Selection of Orifices 
for Use With Differential Pressure Switches 
to Guard Against Damage from Flow Failure 
in Chilled Water and Other Piping Systems 


SUMMARY—In war production plants 
where water is being chilled by refrigera- 
tion compressors for process work or 
air conditioning service, protection 
against the failure of flow of water is 
vitally necessary. Failure of flow may 
cause a disastrous freeze-up. .. . In this 
article (the first part of which appears 
this month) the use of orifices and dif- 
ferential pressure electric switches is 
shown to be a superior method for stop- 
ping the compressor in case the flow of 
water ceases. Although the use of 
orifices and differential pressure switches 
for this purpose is not new, nevertheless 
this type of protection has not been used 
widely. The principal reason has been 
due to lack of information in convenient 
form for quickly and correctly selecting 
orifices. Therefore, complete data are 
presented in a readily understandable 
form for quickly selecting orifices for 
various conditions of flow and different 
pressure drops. In addition, the proper 
method of installing orifices and of con- 
necting them to the pressure switches, 
together with precautions, are given in a 
clear and understandable manner. Such 
data should also be useful in connection 
with various industrial process piping 
services other than refrigeration and air 
conditioning. . . . The author is consult- 
ing engineer with the Trane Co., and a 
member of HPAC’s board of consulting 
and contributing editors 


MANY WAR production plants are 
using chilled water either for air 
conditioning or for process work. 
When water is chilled by means of 
refrigeration, there is always the 
danger of freezing the water in the 
direct expansion chiller. Such an 
occurrence in a plant where continu 
ity of operation is vital is usually 
little short of catastrophic. The fact 
that water tubes burst, refrigerant 
is lost, and that considerable time 
may elapse before the chiller can be 
retubed and normal operation re 
sumed may be only a small part of 
the damage. 

Usually a thermostat is installed 
either in the cold water pipe line on 
the leaving side of the water cooler 
or directly through the head of the 
cooler. In either case, if the tem- 
perature falls too low, the thermo- 
Stat is supposed to stop the c mpres- 
sor. A thermostat in the pipe line 
is of value only if the water is kept 
constantly circulating. If the flow 
of water should cease, freezing could 
take place in the chiller before the 
thermostat in the pipe line could stop 
the compressor. Rapid circulation 
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of the water over the bulb of the 
thermostat inserted through the 
head of the cooler is also desirabl 
In addition to a thermostat, some 
form of secondary protection is al 
ways desirable in case of improper 
setting of the thermostat or of a 
mechanical failure. Because damage 
can occur so quickly if the flow of 
water ceases, some means of stop 
ping the compressor if this should 


occur is vitally necessary. 


Various Methods 


Two methods of stopping the 
compressor in case the flow 
ceases have commonly been used, 
neither of which offers altogether 
satisfactory protection. The most 
widely used is the one in which the 
refrigeration compressor is inter 
locked electrically with the chilled 
water circulating pump. If the pump 
is not running, the compressor can 
not start, or if the circulating pump 
should stop the compressor will also 
stop. In the second method a pres 
sure actuated electric switch is in 
stalled in the discharge pipe of the 
water circulating pump. The in 
crease in pressure when the pump 
starts actuates the pressure switch 
which then starts the refrigeration 
compressor. Conversely, the pres- 
ure decreases when the pump is 
stopped, thus stopping the compres 
sor. As is shown in the following 
two paragraphs, neither electrical 
interlocking nor a pressure actuated 
electric switch offers complete pro 
tection against a freeze-up due to an 
interruption of water flow. 

Electrical interlocking does not 
provide satisfactory protection be 
cause it is quite possible for a motor 
not to run even though the current 
is on. Either low voltage or single 
phasing may keep current on the 
motor even though the motor itself 
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Is not turning over In this case 
even though the compressor wer 
electrically interlocked — wit! he 
pump motor, a freeze-up of the 


water cooler could easily occur 
Although the use of a pressure 

switch is superior to electrical inter 

locking, it still has undesirable fe 


tures For example, if the water 
pipe line or the tubes of the water 
chiller should become obstructe 
the pressure would rise in spite \ 
: 7 
; 
the fact that in this case the flow ' 
water would be markedly reduc: ; 


or even stopped altogether Sucl 
an obstruction could be due to 
and scale accumulating, or wi 
still, to freezing in the tubes of th 
chiller. As freezing started, the 
water pressure ahead of the chille: 
would rise as the flow decreased 
In fact, if the flow should cease cor 
pletely, the water pressure at th 
discharge of the pump would rise to 
its maximum—that is to the “mn 
delivery” pressure of the pump. [1 
this case, it is obvious that the cor 
pressor would continue to run ever 
though the flow had been marked] 
reduced or even ceased altogethe 
Usually the air cooling coil is in 
stalled after the water chiller. If a 
pressure switch is installed between 
the water cooler and the air cooling 
coil, stoppage in the piping or the 
water cooler ahead of the pressure 
switch would cause a drop in pres 
sure. In this case, the pressure 
switch would stop the compressor 
However, stoppage anywhere lx 
yond the pressure switch would 
Cause an increase in pressure even 
though the flow had ceased com 
pletely. 


Orifice and Switch 





\ most satisfactory method of 
protecting a chilled water circulating 
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system against danger of a freeze-up 
is by means of a unit consisting of 
an orifice and a differential pressure 
switch. With such a unit, protec- 
tion can be obtained not only against 
complete failure of water flow, but 
also against the possibility of the 
water flow dropping to any prede- 
termined dangerously low value. (A 
freeze-up can also occur if the quan- 
tity of water circulated decreases to 
such a low point that the water is 
chilled excessively. ) 

If the flow through an orifice de- 
creases, the pressure drop across 
the orifice also decreases. Thus if 
the flow through an orifice were de- 
creased from full flow to, say, 50 
per cent, the pressure drop across 
the orifice would be decreased to 
25 per cent of the original pressure 
drop with full flow. This change 
in pressure drop can be used to ac- 
tuate a differential pressure switch 
which in turn can be used to stop 
the compressor, close a_ solenoid 
valve in the refrigerant liquid line 
or operate any other device. Of all 
the safety controls available, the ori- 
fice and differential pressure switch 
unit alone has the unique advantage 
of offering protection not only 
against complete failure of flow, but 
also against a reduction in flow 
down to any desired predetermined 
value. 

The differential pressure switch 
should not be installed without an 
orifice. It is tempting to utilize 
the drop in pressure across the 
equipment rather than the drop 
in pressure across an orifice. For 
example, the difference in pressure 
between the inlet and outlet of 
the water chiller could also actuate 
a differential pressure switch be- 
cause this difference in pressure 
changes with the quantity of water 
flowing through the cooler. How- 
ever, an obstruction in the tubes due 
to dirt or due to the beginning of 
freezing would also cause an in- 
crease in pressure. difference even 
though the water flow might be re- 
duced considerably. In this case it is 
obvious that the differential pres- 
sure switch could not stop the com- 
pressor. 


Maximum Drop 


Differential pressure switches are 
actuated only by the difference in 
pressure in two bellows or on two 
sides of a diaphragm. The absolute 
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value of the pressure in either bel- 
lows or on either side of the dia- 
phragm has no effect on the opera- 
tion of a differential switch. Inas- 
much as the difference in pressure 
across an orifice depends upon the 
amount of liquid flowing through 
the orifice, it is apparent that a 
change in flow will cause a change 
in the pressure drop across the ori- 
fice which in turn can be used to 
actuate a_ differential pressure 
switch. 

Orifices and differential pressure 
switches must be selected and de- 
signed for the system to which they 
are to be applied. Inasmuch as an 
orifice introduces a permanent pres- 
sure loss into the system, the 
orifice must be selected for as small 
a pressure drop as possible. The 
permanent pressure loss should not 
be confused with the pressure drop 
across the orifice. As is shown later, 
the pressure loss is always less than 
the pressure drop. However, the 
size of the pressure loss depends 
upon the size of the drop. This per- 
manent pressure loss can be kept so 
low that it will not be important in- 
sofar as the operating cost is con- 
cerned. How low this permanent 
pressure loss can be kept depends 
only upon the minimum differential 
which will operate the pressure 
switch. 

Suppose, for example, that with 
a flow of 100 gpm, the pressure 
drop across an orifice is 8 psi [psi 
means “pounds per square inch’’]. 
If the flow drops to 50 per cent of 
this value, or 50 gpm, the pressure 
across the orifice will fall to 2 psi 
because the pressure drop varies as 
the square of the flow. The differ- 
ence in pressure drops between the 
maximum and minimum flows is 6 
psi. In other words, the differen- 
tial pressure switch 
must be capable of 
cutting in and cut- 
ting out on this 6 








Symbols 


A. = orifice area, sq ft; 

d = difference in pressure drops 
maximum and minimum 
psi; 

D. = orifice diameter, in.; 

D, = inside diameter of pipe, in.: 

g9 = gravity constant, 32.17 ft per 
per sec; 

hw = head, ft of water; 

K = flow coefficient of orifice; 

n = ratio of minimum to maxin 
flow ; 

~? = pressure drop across orifice 
maximum flow, psi; 

fp: = pressure drop across orifice 
exact sizes tabulated in Tabl: 
or for less than maximum flow 
psi; 

pu = permanent pressure loss acr 
orifice, psi; 

Q = maximum flow, gpm; 

QO, = flow, less than maximum, gpn 

Q,. = flow, cu ft per sec; 

$s = specific gravity of fluid ({ 
water = 1); 

Z = orifice constant; 

Z. = orifice constant for pressure drop 
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subjected. Thus, one manufacturer 
lists pressure switches which can 
withstand total pressures up to 85 
psi. These switches will operate 
on a minimum difference in pres 
sure drops of 1% psi. Pressur 
switches which can withstand a to 
tal absolute pressure of only 20 psi 
can be operated on a difference in 
pressure drops of only 34 psi. For 
the usual system, it is probably best 
to choose the heavier switch. In 
selecting an orifice, it is best to 
choose a difference in pressure 
drops at least a pound greater than 
the minimum for which the differ 
ential pressure switch is rated. This 
will provide a slight margin of safety 


TABLE 1 


MAXIMUM PRESSURE DROP ACROSS ORIFICE FOR MAXIMUM FLOW 


Pounds per Square Inch (Psi) 


























psi difference. Painting od in Minimum Flow in Percent of Maximum Flow 
Differential pres- es wae os 
Pai 30% 40% 50% 60% 70% 808 GF 
sure switches which 0.25 0.3 0-3 0-3 0-4 0-5 0.7 2. 
8 0.50 0.5 0. 0. e . 4 -o 
will operate on 0.75 0.8| 0.9] 1.0] 12] as] 22] 3.9 
a smaller dif- 1.0 2] 2.2] 1.31 1.6] 2.0] 2.8 5.2 
: 1.5 1. ; 2. 2. 2. . ; 
ar ha oer 2:0 22] 2-4] 2.7) 32] 3.9 | 5-6] 10.5 
2.5 2. 3. 3. ' i. ? 22 
— haga i S 3.0 3:31 3:6] a:0] a:7| $29] 823] 15-8 

n obtained. 

sohng : 4 bob | &.8] 5.3] 6.2] 7.8] 12.2] 22.2 
The actual differ- < 5.5 | 6.0| 6.7] 7.6] 9.8 | 13.9] 26.3 
é 6.6] 7.2] 8.0] 96%] 211.8 | 16.7] 31.6 
ence usually de- 2 8.8] 9.5] 10.7] 12.5] 15.7 | 22.2] 42.1 
pends on the total 10 11.0 | 11.9] 13.3 | 15.6 | 19.6 | 27.8] 52.6 
12 13.2 | 16.3] 16.0] 18.8] 23.5 | 33.3] 63-2 
absolute pressure to 1h 15.4 | 16.7| 18.7] 21.9] 27.5 | 38.9 | 73-7 
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‘» case the maximum flow is smaller 
‘han anticipated. For the usual 
case, a design difference in pressure 
lrops of 2% or 3 psi will be satis- 
factory although other drops can of 
course be chosen. 

The minimum difference in pres- 
sure drops available to actuate the 
pressure switch together with the al- 
lowable reduction in flow determine 
the required pressure drop for the 
maximum flow through the orifice. 
The pressure drop corresponding to 
the maximum flow will be called for 
convenience the maximum pressure 
drop. 

The maximum value of the pres- 
sure drop is needed properly to 
size the orifice. The maximum 
pressure drop can be determined 
conveniently from Table 1. Table 1 
was calculated by means of the fol- 
lowing equation derived in the foot- 


note.? 
d 
i= mee eee eee eee ee eens [1] 
1—n 
The use of Table 1 is illustrated 
by example 1: 





Example 1—Determine the maximum 
pressure drop that will be required if 
the minimum difference in pressure drops 
required to operate the differential pres- 
sure switch is to be 3 psi. The pressure 
switch is to stop the compressor if the 
flow falls to 50 per cent of its maximum 
value. 

Solution—Run down the first column 
of Table 1 to a pressure drop of 3 psi. 
Opposite this value in the column for a 
50 per cent reduction in flow read 4.0 psi 
as the maximum pressure drop required 
for the maximum flow. 

From example 1, it is apparent 
that when the flow is at a maximum, 
the pressure drop across the orifice 
will be 4.0 psi. When the flow falls 
to 50 per cent of its maximum value, 
the pressure drop will be 1.0 psi. 
The difference in pressure drops 
corresponding to the maximum and 
minimum flows is 3 psi. 





"Derivation of equation 1: The pres- 
sure drop through an orifice varies as 
the square of the flow. Hence, 


7=(3) 
ee 
r 

’ 





te) 
——- n* 
Also, 
$—p=d 
Eliminating /:, 
P= 
1—»’ 

















TABLE 2 
VALUES OF ORIFICE CONSTANT "Z" 
Nominal Pipe Size — Inches 
Orifice : 
Diameter 2 | 2-1/2 | 3 | se | 6 ) 8 | 10 } 12 
— Inside Diameter — Inches 
D 
° 2.067 12.469 | 3.068 | &.026 | 5.047 | 6.065 | 8.071 | 10.192 | 12.090 
5/8 0.625 7.0 
/b 0.750 10.2 10.2 
7/8 0.875 14.0 13.8 
1 1.000 18.6 18.2 18.0 
1-1/8 1.12 24.0 23.3 22.9 
1-1/4 1.250 30.6 29.2 28.5 .0 
1-3/8 1.375 38.4 36.1 34.8 1 
1-1/2 1.500 44.2 41.8 2 40.2 
1-5/8 1.625 53.4 49.8 ok 4?.% 
1-3/4 1.750 64.3 58.9 02 55.2 
1-7/8 1.875 69.1 65.0 63.6 
2.000 80.6 74.5 2.7 71.9 
2-1/8 2.125 93.8 85.1 82.5 81.4 
2-1/h 2.250 96.8 93.1 91.6 
2-3/8 2.375 109.6 | 104.3 | 102.5 
2-1/2 2.500 123.5 | 116.4 | 114.0 | 112.1 
2-5/8 2.625 138.9 | 129.4 26.3 | 123.8 | 
2-3/4 2.750 155.8 | 143.6 | 139.3 | 136.2 
2-7/8 2.875 158.9 | 153.0 | 149.2 
3 3.000 175.2 | 167.6 | 162.9 161.0 
3-1/4 3.250 211.7 | 199.8 | 192.3 189.6 
3-1/2 3.500 254.6 | 236.3 | 224.6 20.8 
3-3/4 3.750 277.5 | 259.7 250k 52.1 
4 4.000 324.1 | 298.1 290.8 87 
4-1/6 4.250 377.3 340.4 329.8 25.9 
4-1/2 4.500 387.0 371.9 366 
4-3/6 4.750 438.0 416.7 41 
5 5.000 493.9 465.1 456.2 
5-1/2 5.500 622.1 573.2 557.3 
6 6.000 ? e 6? f 
6-1/2 6.500 843.9 
7 7.000 LOl2.6 | 946.3 
7-1/2 7.500 111 
° 8,000 1298. & 
8-1/2 8.500 1512.2 



































Selecting Orifice 


To select an orifice, the following 
formula is used: 


s 
z=0l/— ..... 2% <cee 


After computing the value of the 
orifice constant Z from equation 2, 
the proper orifice size for any given 
pipe size can be selected from Table 
2. The derivation of equation 2, to- 
gether with the method of calculat- 
ing the values of Z, is given in the 
footnote. Example 2 illustrates 
the method of selecting an orifice. 

Example 2—An orifice is to be installed 
in a 3 in. standard weight steel pipe 





through which chilled water is flowing 
The maximum flow is 112 gpm. The 
difference in pressure drops for actuating 
the differential pressure switch is not to 
exceed 2 psi. The differential pressure 
switch is to stop the compressor when 
the flow drops to 60 per cent of the 
maximum value. Find (a) the maximum 
pressure drop; and (b) the size of ori 
fice required. 

Solution—(a) From Table 1, for a 
difference of 2 psi and a flow reduction 
to 60 per cent, p 3.1 psi. (b) Using 
equation 2 and substituting the values of 
GQ = 118, » = 3.1 psi, and s 1, 

j 
Z = 112 / ; = 63.6 
3.1 
Referring to Table 2 in the column for 
a 3 in. pipe, the orifice size correspond- 





*Derivation of equation 2:—The basic 
equation for flow through an orifice is 
QO. = KAoV2 ghe 
Changing units, this equation reduces 

to 


af? 
O = 29.84 KDs| — 
s 


Let Z = 29.84 KD. 


Hence, as 
Ss 

Z= of/ nes 
p 


The values of Z in Table 2 were com- 
puted from the third equation above. The 
values of K for radius taps were read 
from Figs. 36a to 36d inclusive of the 
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ASME publication Flow Measurement 
1940. The values of K used in preparing 
Table 2 were all read for a constant 
Reynolds number of 200,000. Although 
the value of K does decrease with in- 
creasing values of the Reynolds number, 
the decrease is small and is not of much 
importance insofar as the selection of 
orifices for protection against flow failure 
is concerned, 

Regardless of the pipe size, the values 
of K are substantially constant for given 
values of the ratio D./D,. Accordingly 
a curve was prepared for the averaged 
values of K versus this ratio. The val- 
ues of K required in the third equation 
above were read from this curve. 
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ing to a vaiue of Z = 63.6 is found to lie 
between 134 and 17¢ in. By interpolation, 
the correct orifice size is 1.81 in. 

As a matter of fact, there is no 
need to resort to interpolation when 
using Table 2. As far as practical 
considerations go, it would be quite 
satisfactory to select the orifice size 
corresponding to the next smaller 
value of Z. Thus, for Z = 63.6, the 
next smaller value of Z listed in 
Table 2 for 3 in. pipe is 58.9. The 
orifice size of 134 in. corresponding 
to this latter value of Z would be 
quite satisfactory for this purpose. 
With the orifice size slightly smaller, 
the difference in pressure drops be- 
tween the maximum and minimum 
flows will be slightly greater than 2 
psi. By selecting a slightly smaller 
orifice, a slight margin of safety is 
obtained. 

If desired, the actual pressure 
drop that will take place with a 
slightly smaller orifice can be com- 
puted by means of the following 
equation. 


i | 
ps =»(=) HES SPR AEP See [3] 
Z) 


Example 3—Find the maximum pres- 
sure drop that will take place for the 
conditions of example 2 if an orifice of 
134 in. is selected instead of the more 
exact size of 1.81 in. 

Solution—From example 2, fp = 3.1 psi 
and Z = 63.6. From Table 2, for a 154 


TABLE 3 





in. diameter orifice and a 3 in. pipe Z; 
= 58.9. Substituting these values in 


equation 3, 


63.6\? 
pr — 3.3 eos 
58.9 


= 3.6 psi, actual pressure drop 
through the 154 in. orifice at 
the maximum flow of 112 
gpm. 


In selecting the orifice size from 
the table, the orifice corresponding 
to the next smaller value of Z 
should be selected as was done in 
the preceding example. If an orifice 
corresponding to the next larger 
value of Z were selected, the differ- 
ence between the pressure drops at 
the maximum and minimum flows 
might be too small to insure proper 
operation of the differential pressure 
switch. 

Where the value of Z computed 
by means of equation 2 is larger 
than the largest value shown in Ta- 
ble 2 for the given pipe size, either 
a larger difference in pressure drops 
must be used or the orifice must be 
installed in a larger size pipe. In 
the latter case, a larger pipe need be 
used for only a short length before 
and after the orifice. The minimum 
length of larger pipe required can 
be found by means of tables to be 
published with the next installment 
of this article. 


PRESSURE LOSS ACROSS ORIFICE IN PERCENT OF PRESSURE DROP 











Orifice Nominal Pipe Size — Inches 
Diameter 
Inches 2 2-1/2 3 4 5 6 3 10 12 
D, 
5/8 89. 6% 
3/b 85.2 89.5% 
7/8 80.2 | 85.8 
1 7h.5%| 81.8%| 88.0% 
1-1/8 68.3 | 77.2 | 84.9 
1-1/4 61.2 72.4 81.6 89.1% 
1-3/8 53.6 | 66.9 | 77.9 | 86.8 
1-1/2 61.8%] 74.0%| 84.3%] 90.0% 
1-5/8 54.5 | 69.8 | 81.8 | 88.2 
1-3/4 47.8 | 65.4 | 79.0 | 86.4 
1-7/8 60.5 | 76.2 | 84.5 
2 55.2%| 73.4%] 82.5%] 87.7% 
2-1/8 50.0 | 70.1 | 80.4 | 86.2 
2-1/4 66.6 | 78.1 Buk 
2-3/8 63.0 | 75.8 | 82.8 
2-1/2 59.2%| 73.he| 81.2%] 89.1% 
2-5/8 55.2 71.0 | 79.2 88.1 
2-3/k 51.2 | 68.2 | 77.5 | 86.8 
2-7/8 65.4 | 75. 85.7 
3 62.5%| 73.h%| 84.3%) 90.1% 
3-1/ 56.2 | 69.2 | 81.8 | 88.5 
3-1/2 50.0 | 64.5 | 79.2 | 86.7 4 
3-3/4 59.5 | 76.4 | 84.8 | 89.1% 
4 54.2%| 73.3%| 82.8%] 87.6% 
4-1/b 48.8 | 70.2 | 80.7 | 86.0 
4-1/2 66.8 | 78.5 | Bb.% 
4-37h 63.2 76.2 82.8 
5 59.3%] 73.8%) 80.9% 
5-1/2 51.5 | 68.2 | 77.2 
6 63.2 a 
6-1/2 57.0 | 69.0 
7 51.8%] 64.2% 
7-1/2 59.3 
8 54.0 
8-1/2 48.5 
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Pressure Loss 


The entire maximum pres 
drop across an orifice need 1 
added to the total head ag 
which the circulating pum), 
working. A portion of the ve! 
head of the liquid flowing thr. 
the orifice is recovered and } 
the pressure loss is less tha 
maximum pressure drop thr. 
the orifice. It is important t 
member that only the perma 
pressure loss of the orifice is ad 
to the pump head, not the pres 
drop across the orifice. The pe) 
nent pressure loss of the orific: 
be computed by means of the \ 
in Table 3. For the method of . 
puting Table 3, see the footnot 

The use of Table 3 is illust: 
by example 4. 


Example 4—Take the condition: 
example 3 and compute the pressur: 
due to the orifice. 


Solution—For a 134 in. orifice 
in. pipe, find in Table 3 that the press 
loss will be 65.4 per cent of the maxi: 
pressure drop. From example 3, 
mum pressure drop = 3.6 psi. He 


fu = 0.654 X 3.6 = 2.4 psi perman 


pressure loss due to the orifice. W 


selecting a pump, the permanent pressu 


loss through the orifice of 2.4 psi 


be added to the total head for which | 


pump is to be selected. 


[Mr. Goodman’s next article or 
subject will cover construction and i 
lation of orifices, pressure tapp 


connections to the pressure = swit 


manometers, and liquids other 
water.—Ep. } 


nent pressure loss in Table 3 Ler 


to paragraph 56 on p. 17 of the ASM! 


publication Flow Measurement—1940 
permanent pressure loss may be « 
puted approximately from the forn 


D 3 
" ( ) 
fu D, 


p th 4° 
98 . ( Dy ) 
Dy 


As mentioned in footnote 2, ave! 


values of K corresponding to diffe: 


values of the ratio (D./D,) were det 


} 


mined. Substituting these correspond! 
values of K and (D,./D,) in the equat 


above, it was possible to determine 


*Computation of the values of pern 


ferent values of the ratio (pi/p) corm 


sponding to values of the ratio (1). 

A curve was then plotted of (/: 
versus (D./D,). Values of (p/p) ! 
from this curve were used in prepa! 


Table 3. 
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CODING CHART SIMPLIFIES 
HANDLING OF PD-1A FORMS 


syown BELOow is a coding chart 
r air conditioning and refrigerat- 
ng equipment. This form was pre- 
ared by the Air Conditioning & 
Refrigerating Machinery Associa- 
ion with the informal collaboration 
f officials of the air conditioning 
und commercial refrigeration branch 
of the War Production Board, who 
ave expressed the hope that mem 
bers of the industry will make gen- 
eral use of the coding chart, accord- 
ing to William B. Henderson of the 
\CRMA. 


air conditioning and commercial re 
frigeration branch in the War Pro 
duction Board. If the PD-1A form 
covers, say, the sale of air condition 
ing equipment for the gage room of 
a company making machine tools, 
the coding chart may be marked by 
checking : 

No. 21 in the column entitled “Ultimate 
Buyer or User of Facility or End Prod 
uct” 

No. 17 in the column entitled “Manu 
facturing Industry or Business Classifica 
tion” 

No. 9 in the column entitled “Applica 


properly marked, the branc 
can easily allot the prope 
the application. In this way, PD 
1A forms may be « 
branch much more quickly 


leared by th 








-_% : : : : pee : , se 
lo illustrate how the chart should tion or Functional Use of Refrigerating This coding chart may be duy 
be used: A copy should be attached and/or Air Conditioning Equipment” cated, but should be sent to WP 
e : Pas oe “re . : shae . » 
to each PD-1A form going to the By referring to the coding chart, only on a size 8% in. x ll wa 
Coding Chart for Air Conditioning and Refrigeration Applications 
: APPLICA N Fun vA [ 
Unrimate Buyer or User or Factuitry MANUFACTURING INDUSTRY BUSINESS REFRIGERATIN AN Arr ( 
mm Enp Pr CLASSIFICA N , ade 
Army Air ( rps Manufacturing Industries Preservy 2 
1. Aircraft, including engines 
2. Army Engineers. 2. Automobiles, trucks, and tanks Prese g f t 
Army Ordnance 3. Chemicals and explosives ‘ 
4. Communication equipment , 
Oth ep rents 
4. Army ther Department » Drugs and pharmaceuticals essing 
Navy—Bureau of Ships 6. Food—bakery products p 
6. Navy—Bureau of Yards and Docks — aeperages. 
; Ss. Food—dairy products $ 
Navy—Bureau of Ordnance 9. Food—eggs and ‘poultry ait 
10. Food—fis! ; 
8, Navy—Other Bu $ : : 
y rer Burea 1 Food fruit and vewetables ( ng t £ 
9 Maritime Commissior 12. Food—meat_ packing ’ . 
. tie Soy l Food—quick freezing - 7 
Other | S Gover Le Aver 7" ee Tb condi stew g . 
l. Lend-Lease ] Ice manufacture and storage Cond g spa 
Export 16. Iron and steel productior ; 
, 17. Machinery and metal working ng processes 
13. State and Municipal 18. Non-ferrous metal product lust pi 1 
14. Other Orders Rated AA to A-1-I 19. Paper, paper products, printing Condit 
lithographing = s 
*, , , ; r ; 
Dairy Products—Storage and 20. Petroleum and coal products ng spaces, f 
l'ransportatior 21 Precision instruments - 
2 Rubbe 4 rubber v0: t 
°16. Food—Storage and Transportat 22. Rubber and rubber | 
23 Textiles. ‘ 2 King 
. Food and Dairy Product-Processing 24. All other manufacturers ‘ 
; t T : 
*18. Ice Manufacture and Storage Businesses er ges, at 
1% Retail Food and Dairy Product 25. Cold storage warehousing . , 
Sarena 26. Hospitals and institutions , . 
Establishments 
27. Housing—auditoriums and theaters ( g free 
Industrial Processing— Refrigerating 28. Housing—banks and offices : 
Equipment 29. Housing—hotels and apartments =" 
30. Housing—residences and air-raid est h la 
Industrial Processing— Atmospheric shelters ‘ — 
Control 81. Laboratories. Men, 
; Restaurants tem pe e is me 
4 d i uik ooling cluding eure . 
2. Industrial Liquid ¢ ng, Including YP remecay ee SEM € the 5 
Drinking Water 34. Stores—others—retail 
Repair and Maintenance Orders Neg ne a eee Re; — 
. 36 ransportation—ratlroat I r 
i s ~ , pt 
All, Other 7. Transportation—truck 
Othe Pt atior : 


"Orders Rated A-2 through A-¥ 





ss. All others 








WATER TREATMENT CONSERVES HEATING 
AND PIPING EQUIPMENT 


Ir 1s always good business to oper- 
ate and maintain mechanical equip- 
ment so that it will perform effi- 
ciently for as long a time as possible. 
Li wartime, with restrictions on 
inaterials and tremendous demands 
mechanical equipment for pro- 
uction for victory, it becomes a 
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patriotic duty as well. Proper water 
treatment. and corrosion control is 
one method of making your present 
heating. and piping equipment last 
longer. and operate at maximum 
economy. 

Different waters in different 
equipment present varying prob- 


1942 


lems. In general, however, scak 
formation in a boiler is caused by 
precipitation of calcium and mag 
nesium salts upon the metals in the 
boiler. These scale formations aré 
detrimental because they retard th 
flow of heat from the metallic sur 
face to the water. This has the ill 
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effects of increasing the amount of 
fuel necessary to heat the same vol- 
ume of water to the same tempera- 
ture, and of causing the tube to burn 
by not taking away from it rapidly 
enough the heat imparted to it by 
the flame. 

In heating boilers where the re- 
turn is wasted and the feedwater 
has a high hardness, only very short 
operation can be experienced before 
it becomes necessary to shut down 
and clean the boiler to prevent dam- 
age. For example, before treatment, 
a certain 100 hp HRT could oper- 
ate only one week to 10 days before 
it became necessary to shut down 
and remove almost % in. of hard 
scale. After proper treatment, this 
same boiler operated safely for six 
week periods and after shutting 
down, required only a hose to re- 
move a small amount of soft mud 
remaining in the boiler. The result- 
ing fuel saving and increased effi- 
ciency permitted only two boilers to 
carry the load formerly carried by 
four. When contemplating expan- 
sion of existing plant facilities, do 
not fail to consider increasing the 
efficiency of present equipment. Per- 
haps two boilers are doing the work 
of one. 

The most efficient heating systems 
are those with high percentages of 
return. Since such a system uses 
relatively small quantities of raw 
water, scale formation is minimized. 
The average operator experiences 
no difficulty in firing the boiler and 
does not have to clean out much 
scale when and if he washes his 
boiler. This leads to the false as- 
sumption that the equipment is and 
will remain in good condition. To a 
greater or lesser degree, corrosion 
is taking place within the system 
and the steam lines. This is caused 
by the acidic nature of the water ac- 
celerated by the presence of dis- 
solved CO, and oxygen. In steam 
lines, corrosion is caused by the 
dissolved gases—-CO, and O,,. 

Illustrative of the damage caused 
by corrosion is the case of a 100 hp 
boiler which required at least 15 
new tubes each heating season. By 
maintaining a hardness below 1 
grain per gal, a pH value of 11.0, 
an NaOH and Na,CO, alkalinity 
of 250 ppm, and zero O, content, 
no tubes have been replaced for 
over 11 years. The average cost of 
treatment was $45 yearly over this 
period. This can be compared with 
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the cost of installation of 15 tubes, 
together with the inconvenience and 
time loss involved. Such replace- 
ments at present would be prohibi- 
tive. 

Treatment of a heating system 
has in the past few years been ex- 
panded to include conditioning of 
steam lines as well. <A_ volatile 
amine which goes off with the steam 
to render both the steam and con- 
densate alkaline instead of acidic is 
one such method. Although this 
compound has a slight alkalinity by 
itself, it acts more as a carrier and 
must be regenerated by an alkaline 
boiler water after having passed 
through steam lines and having re- 
acted with the CO, therein. 

A large central heating plant 
using four 150 HRT’s and a 200 
hp water tube boiler replaced an 
average of 100 ft of return line 
yearly. Since starting treatment 10 
years ago, no lines have been re- 
placed. The volatile compound has 
been used only for the last few 
years, but contributed measurably 
to the longevity of the equipment ; 
previous corrosion inhibition was 
due mainly to the effective removal 
of dissolved oxygen. Analyses show 
that a pH value of 8.5-9.0 in the re- 
turn condensate can readily be ob- 
tained by the use of this compound. 


In a 500 hp return tubular by 
in an industrial plant engaged 
drying lumber, this volatile co; 
sion inhibitor has been success{ 
used for over a year. The sys: 
has a 45 per cent return and m 
tained a condensate pH previou: 
treating of 6.7. By the additio: 
1/10 Ib of the inhibitor per day, 
pH value was raised above / 
Concentrations of 0.05 to 0.1 
cent are sufficient to provide prop 
ly conditioned condensates for m 
heating systems. 

Many times by ignorance—o/\ 
by negligence—boilers become dee; 
ly pitted and rusted while they ar 
idle during the summer months. \ 
thoroughly dry atmosphere would 
make the opening of boilers quite 
satisfactory, but due to the locations 
of most boilers, this is not the case 
Condensation of moisture on the in 
terior of the boiler due to tempera- 
ture change deposits a water high 
in both dissolved CO, and O.,, caus 
ing accelerated corrosion and _ pit- 
ting. To prevent this the boiler may 
be filled with clear water to which 
is added a pickling compound wich 
contains inhibitors as well as CO 
and O, removers.—J. Neil SMiru, 
Jr., chief chemist, Anderson-Stolz 
Corp. 


SALVAGING SCRAP 
TO WIN THE WAR 


“THERE IS a new slant today on 
the necessity of keeping scrap losses 
down. Before priorities, salvage was 
entirely on a cost basis. The amount 
of money saved decided how much 
was spent on salvage. Now, it’s dif- 
ferent. Cost, in many cases, is held 
secondary. Conservation of mate- 
rials is a matter of self-preservation. 
In all our plants we have consist- 
ently hammered the point home to 
our employees that our very jobs 
depend on efficient usage of time, 
materials, and tools. 

“In many cases, we are being 
forced to substitute more expensive 
materials, and this boosts unit cost. 
Reduction of waste and efficient sal- 
vage thus become even more im- 
portant; they help maintain unit 
cost by partly balancing the ex- 
pense of substitution, and the man- 
ufacturer is better able to meet com- 
petition prices. 


“Tt is said that salvage programs 
are fine for large plants but aren’t 
practical in small ones. Large or 
small, there are opportunities for 
salvage that are overlooked. Last 
summer, I was in one shop after 
another where ferrous and non-fer- 
rous materials were badly mixed 
Tool steel and nickel bearing steels 
were mixed with machine shop turn- 
ings and borings. The man who 
buys these discards will pay only for 
the gross weight at the unit price 
of the most inferior metal in the 
lot. 

“The organization of the plan to 
conserve and reclaim materials 
starts with design and ends with 
disposition of scrap.” -— Ray 
SCHMIDT, supervisor, reclamation 
and salvage departments, Westing- 
house Electric & Mfg. Co., in a talk 
before the Cleveland Chamber of 
Commerce. 
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PLASTIC TUBING 
— A “War Baby” 


Here’s Information on Properties and Handl- 
ing of a New Material With Many Possibil- 
ities in Heating, Piping and Air Conditioning 
Work .......By C. B. Branch and D. L. Gibb 


SUMMARY — “Alternative” or “substi- 
tute” materials (as you prefer) comprise 
one of the most talked of subjects when- 
ever heating, piping and air conditioning 
men congregate. Wartime scarcities and 
consequent restrictions have focussed the 
spotlight of attention on many new prod- 
ucts which perhaps may be called “war 
babies” . . . One of the most interesting 
of these is plastic tubing, available in a 
number of types. C. B. Branch and 
D. L. Gibb, of the plastic sales division 
of Dow Chemical Co., describe here the 
properties and applications of one of the 
plastic tubings. They include a listing 
of characteristics which will enable you 
to judge its uses, and provide data on 
strength, effect of temperature, and how 
to flare and bend it. 


Ir HAS been said that the machine 
age began with the invention of the 
wheel, but certainly the wheel is 
little more essential to the whole 
structure of modern life than the 
tube. Man depends on some form 
of hollow conductor for the delivery 
ot food and drink, for heat, light, 
transportation and sanitation. It is 
not strange, then, that a reduction 
in the amount of tubing available 
should present serious problems to 
innumerable persons and industries ; 
nor that the new plastic tubings are 
of general interest. One such tubing 
is made of a thermoplastic formed 
by the copolymerization of vinyli- 
dene and vinyl chlorides. The basic 
polymer is tasteless, odorless, non- 
toxic and nonflammable. 

This tubing is being produced 
commercially by a number of li- 
censed fabricators throughout the 
country. It is made in seamless, 
continuous lengths, and at present 
is available in sizes from % to %4 
in. diameter, with varying wall 
thicknesses. Present trends point to 
the fabrication of even larger tubing 
in the near future. 

This plastic is particularly suited 
for tubing because of its relatively 
sharp melting point and resultant 
retention of physical properties 
within the service temperature 


range. Another advantage is its 
comparatively high bursting pres 
sure. Some individual values on '4 
in. OD by 0.037 in. wall thickness 
at 77 F have been as great as 2250 
psi. When the temperature is de 
creased from 77 F to 32 F, the 
working pressure is approximately 
doubled; at the same time, this 
change in bursting pressure is ac 
companied by a corresponding re- 
duction in impact strength. 

The accompanying table shows 
the changes in bursting pressure 
with changes in cross _ sectional 
area. It will be noted that the op 
erating pressures for most tubing 
installations are frequently well 
within the listed pressure limits. 

The following listing of service 
characteristics indicates the advan 
tages and limitations of this plastic 
tubing. The chemical resistance tests 
were based on three-month tests at 
room temperature : 


Acids Excellent 
Caustic - (,ood 
Bleaching agents Excellent 
Salts Excellent 
Ammonia Poor 
Solvents .Good* 
Water Excellent 
) ge, ae , i. , Excellent 
GEE” 5 crv nwt dads ee <A O.K 


Low Temperature : 
= Becomes stiff and brittle 
70 F—170 F Flexible 


*Not recommended for certain high oxygen 
bearing oxides and others and some chlorinated 
aromatic hydrocarbons 


High temperature 


Not recommended over 170 | 


Flexing Exceller 
Freezing cycles, closed system. . Excellent 
Vibration fatigue Excellent 
Heat conductivity S! 
Fluid flow qual to copper 
Physical state Flexible 
Clarity . Semi-transparent 


This tubing may be joined by 
some of the same types of connec 
tors commonly employed with metal 
tubing. These include flared, com 


pression, welded and flanged fit 


tings. For the smaller sized tubings 
now available, flared types are very 
satisfactory. The flaring can be a 
complished at room temperature 
with compression type flaring tools 
or by spinning. If the tubing is 
cold, it is recommended that the 
end of the tubing and the flaring 
tool be heated to room temperaturs 
before flaring is attempted | Not 

In an experimental setup by an ait 
conditioning contractor, the tubing 
was heated to 100 F by dipping it 
into warm water before flaring, and 
this was found to give good results 

Ed.] Any necessary trimming 
may be done with a sharp cutting 
tool or file. 

Flare fittings made from injection 
molded plastic are also available 
These fittings are slight modifica 
tions of the standard SAE fitting 
designs, and have the advantage of 
providing a plastic seal between the 
tubing and the fitting. This combi 
nation eliminates possibility of leak 
age due to unequal thermal expan 
sion of tubing and fittings and pro 
vides for uniform chemical resis 
tance. 

In bending the tubing at room 
temperature, the tendency to kink 
decreases with increasing wall thick 
ness. At a wall thickness equal to 
20 per cent or more of the diameter 
of the tubing, it is extremely difficult 
to kink or collapse. Even in those 
cases where actual kinking or total 
collapse occurs, the bursting pres 
sure is reduced no more than 20 
per cent. Fabrication such as bend 
ing or forming to permanent desired 


Bursting Pressures of Tubing at 77 F 


OD WALL, 
IN In 
; 04 0.031 
re 0.031 
P 0.031 
“, 0.045 
\“, 0 062 
Si 0.031 
bi 0 062 
a, 0 031 
B 0 062 
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BURSTING WorRKING 
Pressure, Pst Pressure, Pst 
1900 380 
1250 250 
900 180 
1350 270 
1900 {80 
600 120 
1700 40 
575 115 
1250 250 























How the plastic tubing described in 
text is flared. From top to bottom 
Trimming the tubing for the flaring op- 
eration . . . Inserting tubing in flaring 
tool . . . Applying pressure to flare the 
tubing . . . Finishing the flare. 


shapes is easily accomplished. The 
tubing is formed at room tempera- 
ture to the required shape plus al- 
lowance for 20 to 30 per cent 
springback. It is then heated to ap- 
proximately 212 F for 15 to 30 sec 
and on cooling will be set to shape. 
The heating in this procedure may 
be easily and conveniently obtained 
with boiling water or atmospheric 
steam. Without internal support, 
this tubing can be permanently bent 
without kinking on a radius as small 
as three to six times the diameter 
of the tubing. Bends can be made 
to an inside radius as small as one- 
half the diameter of the tubing by 
the use of the same technique, but 
with the addition of an _ internal 
fluid. By this method it is possible 
to fabricate shapes such as elbows, 
traps, nozzles, etc., where a perma 
nent set is necessary. 





Graphical Analysis 
of Periodic Loads 


In the data sheet for graphical 
analysis of periodic loads by B. F. 
Raber and F. W. Hutchinson, pub- 
lished on pp. 241 and 242 of the 
\pril, 1942, HPAC, the first sen 
tence in the discussion of Fig. 9 
reads ini part “. . . 1s valid for any 
wall of material for which k/cp has 
the value for which this solution was 
obtained.”” While this condition is 
required, it is not sufficient and the 
sentence should be extended by add- 
ing “and for which the k/h ratios 
remain the same.” 


—— 


QUOTED ..... 


Coal Storage.—“I cannot tell indi- 
viduals how much coal they should 
store, but as a general rule I think 
that a supply adequate for 60 to 90 
days is not too much for the ordinary 
industrial consumer to have on hand,” 
said Howard A. Gray, acting director 
of solid fuel coordination, at the an- 
nual meeting of the Chamber of Com 
merce of the United States. “Public 
utilities and vital war industries ought 
to carry coal enough to last at least 120 
days. Householders should store their 
entire next winter’s supply this sum- 
mer, if that is possible. The coal in 
storage now generally does not even 


approach these figures.” 
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SAVE .... SIMPLIFY .... SUBSTITUTE 


Conservation Plan Endorsed by Air Condi- 
tioning and Refrigeration Groups .... Substi- 
tute Materials, Priorities, Winning the War -- 
and the Peace -- Discussed at Chicago 


<UMMARY—Reported here is the two- 
dav “all industry conference of the air 
-onditioning and refrigeration industry,” 
which was held in Chicago last month. 
\ feature of the affair was the “program 
for victory,” a conservation plan endorsed 
by several industry organizations, which 
was presented by the president of the 
American Society of Refrigerating Engi- 
neers . . - Information on substitute 
materials, functions of various WPB 
branches, priorities, allocation of refrig- 
erant, importance of service engineers 
and wholesalers, ete., was given by other 
speakers .. . The conference ended with 
an inspiring address on what the industry 
is doing to win the war by producing for 
victory. and the prediction that when 
peace comes after the inevitable defeat 
of the axis gang. war manufacturing ex- 
perience will enable all the peoples of 
the world to achieve standards of living 
higher than ever before, and that conse- 
quently there is no reason to expect a 
severe deflation or depression 


VOLUNTARY ACTION by individuals, 
industrial companies and industry 
organizations is imperative if this 
country is to overcome the enor- 
mous advantage gained by the axis 
powers through years of war prep 
aration, Dr. William R. Hainsworth, 
president of the American Society 
of Refrigerating Engineers, declared 
in outlining a “program for victory” 
to the two-day “all industry confer 
ence of the air conditioning and 
refrigeration industry.” 

Dr. Hainsworth, vice-president in 
charge of research for Servel, Inc., 
said this conservation plan to “save, 
simplify and substitute’ vital mate- 
rials needed for war has been en- 
dorsed by 12 leading refrigeration 
and air conditioning organizations 
in the United States. The War 
Production Board, he said, has 
recognized the program as a “very 
desirable and important action on 
the part of the industry,” and it has 
been endorsed officially by Donald 
Nelson. ah SY 

The program calls on operating 
engineers, manufacturers, distribu- 
tors and service firms to “avoid 
every waste of essential materials 
and supplies; to make the most of 
existing equipment; to collect  re- 
claimable metal for wartime use; to 
release vital war metals by finding 
substitutes; and to cooperate in all 
possible ways with governmental 
agencies in the conservation of 
equipment, materials and power.” 
\mong other things, manufacturers 


“All Industry” Conference 


are asked to pledge themselves to 
“research to find new applications 
to further the war effort.” 

Text of the program follows: 


1) l S¢ my experience t 
equipment and materials. Sel 
sizes and types of equipment 


elMmicrent use 


I pledge to conserve for victory— 


save ... simplify . . . substitute... 2) Speed up war production by 
eration processes There are many su 
lf a refrigeration r air condition applications. Discover new on 
manufacturer, I] will... }) Check over installation and 
1) Use substitutes for critical mate facilities. Put mv shop in orde: 
rials. Eliminate waste and promote sys +) Employ capable, experienced a 
tematic maintenance. industrious service men. | age t 


2) Standardize equipment, test methods training. 


and practice. Simplify product line 5) Urge users to have their refrige: 
3) Urge users to make full use of tion equipment checked and put in 

service facilities to keep equipment in ordet 

order, 6) Take inventory of idle refrigerat 


1) Assist distributors’ service organi equipment, valves, fittings and other n 
zations and jobbers with engineering and terials. Use this equipment in new 


service help on this wartime program stallations or broadcast its availability 


5) Seek out usable condensing units, 7) Arrange to give emergency servic: 
fittings and other materials and use in [f an operator, maintenance or seri 
place of new products ngineer, I will 

6) Research to find new applications 1) Keep machines running efficient! 


to further the war effort and smoothly. Check performance. ( 


7) Prepare for air raids. Emphasize serve electricity, fuel and power 


air raid instructions on refrigerating 2) Find all leaks and repair them 


soon as possible Be sure not to add 


equipment. 


REFRIGERATION AND AIR CONDITIONING 
PROGRAM FOR VICTORY 
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frigerant until leak is found and repaired. 
If necessary, remove refrigerant and 
transfer it to an approved container. 
Avoid purging to the air. Check shaft 
seal. Tighten gasket joints. 


3) Check compressor oil level. Oil 
motor bearings and keep them oiled. 

4) Keep motors operating efficiently. 
Clean commutators and brushes. Replace 
badly worn bearings. 

5) Check belt alignment and tension. 
Conserve rubber. 

6) Blow off condenser surface on air 
cooled machines. Be sure that air supply 
is adequate. 

7) Clean condensers on water cooled 
machines. Be sure there is no partial 
stoppage. Be sure that the water valve 
is set to maintain economical condensing 
pressure. Clean regulating valve and 
strainers. 

8) Check insulation for moisture, de- 
terioration and tightness. Replace if de- 
fective. 

9) Make certain that tools and equip- 
ment are in good order. Clean and check 
tool kit. 

10) Check stock of parts, fittings and 
supplies. 

11) Return empty refrigerant cylinders 
to suppliers without delay. 

12) Give prompt service. Be sure of 
the diagnosis of trouble. Avoid guess- 
work. Plan work to save time and tires. 
Concentrate effort. Avoid repeat calls. 
Study service manuals and information 
supplied by manufacturers. 

13) Check expansion valve if crank- 
case runs cold. 

14) Remove oil from rubber mounting 
blocks. 

15) Clean evaporator surface. 

16) Advertise and publicize my ability 
and desire to aid in the wartime program. 

17) Instruct users in procedure in an 
emergency. 


Alternative Materials 


In his talk on substitute materials 
and practices in the air conditioning 
and refrigeration field, George 
Allen, Mueller Brass Co., predicted 
increased use of steel pipe and 
threaded fittings even on war pro- 
duction projects with high priority 
ratings, because of the copper short- 
age. He stressed the point that with 
steel tubing, flares must be perfect 
because the material is less malleable 
than copper. He mentioned also 
that glass tubing was replacing 
stainless steel for dairy service, and 
that this was requiring changes in 
some local ordinances covering the 
cleaning of dairy service piping. Mr. 
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Allen preferred the term “alterna- 
tive material” to “substitute.” 

The critical position of our mate- 
rial supply was summarized in an 
excellent address by Harvey A. An- 
derson of the WPB bureau of in- 
dustry conservation, who listed var- 
ious strategic materials in the order 
of their scarcity. Paul Reed, Servel, 
Inc., pointed out that the refrigera- 
tion service engineer is of increased 
importance in wartime, as installa- 
tions must be kept running despite 
difficulties in obtaining repair and 
replacement parts. Alex H. Hol- 
combe, Jr., Victor Sales & Supply 
Co., reviewed the functions of the 
jobber and wholesaler, and said that 
the stocks of equipment, parts and 
tools carried in industrial areas give 
assurance that vital war production 
will not be interrupted. George 
Taubeneck, Business News Publish- 
ing Co., cited some of the war pro- 
duction advantages of air condition- 
ing and refrigeration. 

The functions of the air condition- 
ing and commercial refrigeration 
branch of the War Production 
Board, and sidelights on its methods 
of operation, were given by Harry 
C. Williams, its assistant chief, as- 
sisted by George Meek, bureau of 
industrial conservation. In the ques- 
tion period, there was considerable 
discussion of the L-38 limitation or- 
der (in preparation at the time). 
Condensing units with wood bases, 
cast iron valves and steel flare nuts 
were predicted. 

A question on the availability of 
“Freon” was referred to R. J. 
Thompson, Kinetic Chemicals, Inc. 
Mr. Thompson explained the 
method of allocating this refrigerant 
in accordance with the available 
supply each month, and said that 
there was now an ample supply. It 
is important, however, that the 
cylinders for refrigerants be re- 
turned promptly, as there is a cylin- 
der shortage. It was also pointed 
out at this time that the Army and 
Navy Munitions Board had recently 
rescinded its April 1 order which 
had prohibited use of “Freon” in 
new installations having a capacity 
greater than 5 hp. 

Henry A. Dinegar, of the WPB 
division of civilian supplies, spoke 
briefly on air conditioning and com- 
mercial refrigeration equipment in 
the civilian economy. 





After the War 


The last feature of the two 
session was a most inspiring 
practical address by A. B. Sche 
berg, president, Alco Valve Co. 
described the extreme import 
of air conditioning and refrie 
tion equipment to wartime pro 
tion and the contribution of th 
dustry—which is accustomed to 
cision manufacturing—to the 
tory program. He stressed the | 
that, while the government is 
principal buyer of air conditio: 
and refrigeration equipment, it is 
not “one customer”. It comp: 
many, many customers throug! 
the country, numerous applicatio: 
and has every type of air conditio: 
ing and refrigeration problem. |i 
indicated that the various divisions 
of the government must be served 
by the industry just as peacetime 
customers were served, but that be 
cause of the importance of winning 
the war, all of us must be more eff- 
cient and do everything each of us 
can to “keep ‘em refrigerating”. 

In a straight from the shoulder 
and optimistic conclusion to his ad- 
dress, Mr. Schellenberg said that he 
saw no reason whatever for any ck 
flation or depression after the suc 
cessful conclusion of the war 
World peace can be assured, he said, 
after the axis powers have gone 
down to their inevitable defeat, by 
raising the standard of living of all 
the peoples of the earth. As the liy 
ing standard in China and India and 
all countries increases, so will that 
automatically of America. We wil! 
have enormously increased produc 
tive capacity, tremendously more 
experience with new materials and 
redesign of products, and will be 
better manufacturers because of the 
requirements which are now being 
met in producing war materials 
Conversion of the automotive in 
dustry to war will prove to be a 
great advantage when peace comes, 
he predicted, for we will then have 
entirely new, better, cheaper and 
more automobiles. The great air 
craft plants aren’t going to shut 
down when the war ends, he said 
Air cargo transportation will circle 
the globe; those who think we will 
travel by air and still ship our goods 
by slower methods just don’t know 
the history of transportation, he re- 
marked. 


49 
Hearinc, Princ & Am Conprtioninc, June, !°'- 





























comes 


CODE FOR PRESSURE PIPING 





SECTION 6—FABRICATION DETAILS 


By Ludwig Skog, Chairman, Subcommittee on 


Fabrication Details; Partner, Sargent and Lundy 


SUMMARY—Since the American Stand- 
ards Association code for pressure piping 
(B31) was first issued as a tentative 
standard in 1935, there have been many 
developments and advances in piping 
practices, as described by Sabin Crocker 
in the January HPAC in the first of a 
group of articles, of which this is the 
sixth. The piping code has been thor- 
oughly revised and is being reissued as a 
full American standard. Section | of the 
new code, on power piping, was reviewed 
by Alfred Iddles in the February HPAC. 
In March, the section on gas and air pip- 
ing was covered by John S. Haug, and 
the section on oil piping systems was 
analyzed by A. D. Sanderson. The 
code sections on district heating piping. 
and on refrigeration piping (including 
air conditioning) were reviewed by G. 
K. Saurwein and A. B. Stickney in April. 

.. Last month, part of the section on 
fabrication details was discussed by Lud- 
wig Skog, who completes his review here. 


NUMEROUS CHANGES in the art of 
welding which have developed since 
1935 necessitated a complete re- 
vision of the welding rules in the 
chapter on welding pipe joints in 
section 6 of the new ASA code for 
pressure piping. Of particular sig- 
nificance are the new rules for pro- 
cedure and operator qualification, 
recommendations for backing rings, 
rules for preheating, and new re- 
quirements for fillet welds to em- 
brace the use of socket welding fit- 
tings. 


Backing Rings—Where complete 
penetration is desired without pro- 
jection of weld metal inside the 
joint, it is customary practice to use 
a backing ring for single U or V 
groove joints. While it was recog- 
nized that a number of designs of 
backing rings have proved accept- 
able, all of these could not be in- 
cluded in the code. Until such time 
as standard designs have been ap- 
proved for backing rings, it was 
decided to include as recommended 
practice, four of the more widely 
used types as follows: 

a) Where the nominal pipe wall thick- 
ness is % in. or less, or where it is not 
considered necessary or practical to ma- 
chine the inside of the pipe, the recom- 
mended practice is as shown in Fig. 1. 

b) Where the nominal pipe wall thick- 
ness is over ™%4 in. but is 34 in. or less, 
and where it is considered necessary to 
machine the inside of the pipe, the recom- 


Hearinc, Prernc & Am Conpririoninc, June, 


mended practice is as shown in Figs. 2 
and 3. If the pipe wall is recessed for a 
backing ring, the depth of such recess 
shall be so limited that the remaining net 
section of the finished joint is not less 
than the minimum required thickness 
c) Where the nominal pipe wall thick 
ness is over 34 in., the recommended 


practice is as shown in Figs. 2, 3 and 4 


Welding Grooves—A subgroup of 
ASA sectional committee B16 on 
steel pipe flanges and fittings studied 
the details of welding grooves in 
general use. While it manifestly 
would be impossible to include every 
acceptable design of welding bevel, 
those shown in Figs. 5 and 6 were 
considered to represent the best 
known practice at the time, and 
were included as recommended prac- 
tice in the American standard for 
steel pipe flanges and flanged fit- 
tings, ASA Bl6e. 
are given the same status in the 
code for pressure piping. 


Fillet Welds—The rapid develop 
ment and use of socket welded fit- 
tings employed with small size pipe 
has necessitated careful considera 
tion of fillet weld dimensions. A 
new American standard for socket 


These designs 


welding fittings has been developed 
to meet the need for this product. 
Since the American standard calls 
for a design of fitting to be at least 
equal in strength to the pipe with 
which it is to be used, it is desirable, 
obviously, that the fillet weld which 
joins the two also be proportioned 
so that it is equal in strength to the 
component parts. Accordingly, di 
shown in Fig. 7 were 
Numerous tests carried 


mensions 
adopted. 
out by manufacturers and consum- 
ers have demonstrated that fillet 
welds made in accordance with these 
proportions will develop the full 
strength of the assembly. 

The code requirement for fillet 
welds used for fittings other than 
flanges is noted as follows: 

Fittings other than flanges may be at- 
tached by fillet welds, provided the pipe 
is inserted in the fitting and provided 
the fillet welds meet the requirements of 


Figs. 7 and 8. 
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Fillet welds also are permitted tor 
the attachment of flanges of the slip 
on type providing the attachment 1s 
as shown in Fig. 8. 


Preheating — No requirements 
concerning preheating were included 
in the last issue of the code, since its 
significance was not fully appreci 
ated at that time. The new requir 
ments call for preheating of welded 
joints in carbon steel having a cat 
bon content in excess of 0.35 per 
cent with a nominal pipe wall thick 


T 


ness ot % In, O1 


greater, and in 
carbon molybdenum steel Joints 
shall be preheated adjacent to th 
welding zone to a temperature of not 
less than 400 F and may be accom 
plished by any suitable method, pro 
vided the zone ‘is uniformly heated 
and the temperature is maintained 
during the actual welding operation 


Stress Relieving — Requirements 
for stress relieving have been re 
tained and expanded to cover carbo 
molybdenum as well as carbon steel 
Welded joints in carbon steel shall 
be stress relieved when the nominal 
pipe wall thickness is 34 in. or 
Welded joints in carbon 
steel having a carbon content in ex 


greater. 


cess of 0.35 per cent, and in carbon 
molybdenum steel, shall be stress re 
heved when the thickness is 1% in. or 
greater. Stress relieving is to be 
accomplished by heating uniformly 
to a temperature between 1100 and 
1250 F, and held there one hour pet 
inch of pipe wall thickness for car 
bon steel, and two hours per inch 
of thickness for carbon molybdenum 
steel, but in no case less than one 
half hour. 

Stress relieving may be 
plished by heating the 


accom 
complete 
structure as a unit, or heating a com 
plete section containing the weld; 
or as is more common for pipe weld 
ing, heating a circumferential band 
containing the weld at the center 
The width of the heated band is re 
quired to be at least equal to twice 
the width of the weld. The latter 
constitutes a distinct departure from 
the previous version of the code, 
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30s]. Standard straight beve/ of 
+2 welding ends for wall thick- 
nesses up to 4 in inclusive. 


£'ta" 
Fig. S 


Standard U beve/ of 20°. 
welding ends for wa// $25) 
thickness greater thar 
4 in. This form of beve/ AR 
‘s not recommended for 448 
acetylene welding ard je * 32 


(nay be changed to straight beve/ as in Fig. $. 
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ince the earlier edition required a 
vidth of band equal to six times the 
‘ipe wall thickness which, in case 

the heavier pipe schedules, was 
npossible to attain for some pipe- 
‘o-valve joints. In the light of mod- 
ern practice, the 1935 requirement 
‘-; deemed unnecessary in any case. 

No rules as to size of tack welds 
are specified in the revision of the 
code, but it is required that they 
shall be of the same quality and 
made by the same procedure as the 
completed weld. Otherwise, they 
shall be removed during the welding 
operation. In the larger sizes and 
heavier wall pipes, as many as four 
2 in. tack welds are employed, which 
may remain as a part of the finished 
weld. Under these conditions, it ob- 
viously is essential that the tack 
welds should be of the same quality 
and made by the same procedure 
as the completed weld. This re- 
quirement does not prohibit tack 
wélds made by gas welding where 
the finished weld is an electric weld, 
provided the tacks are completely 
melted out during the finish weld- 
ing operation. 

Operator and Procedure Quall- 
fication—Complete revision of the 
qualification tests for welding opera- 
tors has been made. A new set of 
rules for qualification of the welding 
procedure has been added so that 
complete qualification for welding 
consists in first qualifying the pro 
cedure, and subsequently the opera- 
tors thereunder. These rules are 
in agreement with the correspond- 
ing rules for qualification of opera- 
tors and procedure formulated by 
the American Welding Society. 
Section IX of the ASME boiler 
code, recently issued, concerns qual- 
ification rules for welding operators 
and procedure which also are in 
agreement with the AWS rules. 
Thus, it is evident that progress is 
heing made toward unifying the 
rules regarding welding, which here- 
tofore have been most confusing due 
to the diversity between the several 
codes, 

Procedure Qualification—In the 
procedure qualification rules, the 
types of test outlined are for the pur- 
pose of determining the tensile 
strength, elongation and degree of 
soundness of welded joints made un- 
der a given procedure specification. 
or welded butt joints, the type and 
number of tests are shown in the fol- 
lowing table: 
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: NUMBER AND Type or Tests Requirep 
MAXIMUM THICKNESS Test Pips 
To Be Wevvep In Wau REDUCED 
CONSTRUCTION THICKNESS SECTION Pret Root Pact Sipt 
TENSILE BEND BEND BEND BEND 
Up to and including 
*{ in git 2 2 2 2 
Maxin I 
Over *4 need not 2 2 ‘ 
xceed 1 ir 
Fillet weld soundness tests also and the reduced section tensile and 
are included. If fillet joints only nick break tests were important fea 
are to be made, it is necessary, in tures of the former operator qualifi 
addition to making the fillet weld cations. The sole criterion of the 
soundness test, that the procedure operator’s qualification to make a 
shall be qualified for butt joints, but satisfactory welded joint is his abil 
in such case only the reduced sec ity to produce a sound weld as 
age and the free bend tests judged by the above tests 
pA joints need be made. oF The welding operator, having suc 
- ee tests = passed nore? cessfully passed the qualification 
torily, the proce re . ‘re . 
° I me 1S COomsinere tests, need not be requalified unless 


acceptable and should be recorded 
(1) the welding operator is not en 


by the manufacturer or contractor as 


1 eT a gaged in a given process of weld 
a “procedure specification. Ac 

iP ‘ ing (1.e, arc or gas) for a period of 
ceptable types of forms for so doing ) 
Wie fv "4 re} three months or more; or (2) there 
are given in appendix IT of this sec 


tion of the code. If any changes are [on PA Ne a 
made in the procedure, the proce- the tpn , ability. 
dure specification must be revised or No acsneewosngellans made mere - tin 
amended to show the changes. If numerous detail requirements of the 


} 


procedure and operator qualification 


the change is one of those listed in ao 
rules. The complete rules may b 


paragraph 1(b) of appendix I, it ; ; 
found in section 6, appendix I, parts 


may be necessary to requalify the 
I and II, of the code. 


procedure or the operator, or per- 
haps both, as specified therein. 


Operator Qualification —The Branches and 


‘_ . ‘“- * >. 

qualification tests specified lor op- Specials 

erators are specially devised to de 

termine the operator’s ability to pro- EE ET a ee 

duce sound welds when using a pre- Fabricated or Cast Specials—This 

viously qualified procedure. | lhe chapter, representing ; entirely 

—e used for operator qualification new addition to the section on fab 

are as follows: oi _: . : 
rication details of the code, concerns 


a) Welded butt joints—(1) root bend 
test; (2) face bend test; (3) side bend 
test. 

b) Fillet welded joints—(1)_ Fillet 
weld soundness test. 


the methods to be followed in the 
fabrication of intersecting welded 
branch connections, and is limited 
principally to those branch connec 


The number and type of tests re- tions in which the angle between the 
quired for butt joints in pipe are outlet and the run is not less than 
shown in the following table: 85 deg. All of the requirements of 

No. AND Type or Tests Reourrep 

PHICKNESS FOR Waich Operator THICKNESS OF 

Is To Be QUALIFIED MATERIAL FOR Root Pact Sipt 
Test WeLp BEND BEND BEND 
Up to and including 4 ix 34 is 2 2 
Over % in. Maximum but need 
not exceed 1 in ‘ 

It may be observed that a signifi- the chapter on welding, which imme 
cant difference in these rules is that diately precedes this chapter, are to 
the only test required for operator be followed insofar as they apply. 
qualification is some form of bend 
test—either root, face or side bend. Development of Rules—It has 
The previous version of the welding been recognized for some time that 
rules did not distinguish between a branch connection welded into a 
procedure and operator qualification, straight length of pipe reduces the 
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ability of the assembly to withstand 
pressure, so that yielding under in- 
ternal pressure is reached at a con- 
siderably lower value than for a 
straight length of pipe. Since the 
shapes are too complicated to permit 
accurate theoretical analysis, it has 
been necessary to rely on tests of 
full size manifolds to deduce the 
rules for reinforcement of branch 
outlets so that strength equivalent 
to that of the straight pipe can be 
secured, A_ special subgroup on 
welded branch connections of the 
sectional committee was organized 
to study the various types of rein- 
forcement and welding grooves with 
the object of formulating rules suit- 
able for inclusion in the code for 
pressure piping. Consumers and 
manufacturers participated in the 
test program, and the results were 
carefully analyzed. Important fea- 
tures of the rules which were formu- 
lated are: 

a) A header having a branch or 
branches attached by welding shall be 
reinforced to make it equivalent in 
strength to the computed bursting strength 
of straight sections of pipe as determined 
by the formulas for pipe wall thickness 
given in sections 1 to 5 of this code. 

The necessity for and the amount of 
reinforcement required in the crotch sec- 
tion shall be determined by the rule that 
the area available for. reinforcement shall 
be equal to or greater than the required 
area as defined as follows: The required 
area shall be determined as the cross 
sectional area of the finished opening in 
the header, considered as a_ rectangle 
whose length is the diameter of the fin- 
ished opening and whose height is the 
theoretical minimum wall thickness of 
the header. The hole to be compensated 
for by reinforcement shall be measured 
on the diameter of the outlet parallel to 
the axis of the run. The available area 
included as reinforcement shall be at least 
the sum of the following cross sectional 
areas— 


(1) The cross sectional area of the fillet 
welds adjacent to the branch and above the out- 
side surface of the header. 

(2) The cross section area of the branch de- 
termined from the minimum thickness on inspec- 
tion and a height equal to 2% times the mini- 
mum thickness of the branch wall above the 
outside surface of the header, or above the out- 
side of the reinforcing ring or saddle, if used. 

(3) Any additional thickness of the wall of 
the header above the theoretical minimum thick- 
ness required by the wall thickness formulas of 
sections 1 to 5 incl. for a distance equal to 
the inside diameter of the branch on each side 
of the center line of the branch. 


In case the sum of these available areas 
is less than the required area, additional 
reinforcement shall be provided. This 
additional reinforcement shall be obtained 
by additional thickness of header wall 
and/or branch wall, ring, saddle and/or 
weld metal. See Figs. 9 and 10. 
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The material used for ring or saddle 
reinforcement may be of specifications 
differing from those of the pipe, provided 
the cross sectional area is made in pro- 
portion to the relative strength of the 
reinforcement and pipe materials at the 
operating temperature and provided it has 
welding qualities comparable to those of 
the pipe. No credit shall be taken for 
the additional strength of material hav- 
ing a higher strength than that of the 
part to be reinforced. 

When rings or saddles are used which 
cover the weld between branch and 
header, a vent hole shall be provided in 
the ring or saddle to reveal leakage in 
the weld between branch and header and 
to provide venting during welding and 
heat treating operations. 

The use of ribs or gussets shall not 
be considered as contributing to rein- 
forcement of the branch connection. This 
does not prohibit the use of ribs or gus- 
sets for purposes other than reinforce- 
ment. 

Fillet welds used in attaching the re- 
inforcement shal) be full fillet welds. 

Reinforcing rings and saddles shall be 
accurately fitted to the parts to which 
they are attached. Figs. 9 and 10 illus- 
trate some acceptable forms of reinforce- 
ment. 

b) Branch connections attached at any 
angle less than 85 deg to the run become 
progressively weaker as the inclination 
becomes less. Any such designs must be 
given individual study and sufficient re- 
inforcement must be provided to compen- 
sate for the inherent weakness of such 
construction. The use of encircling ribs 
to support the flat or reentering surfaces 
is permissible, and may be included in 
the strength calculations. 


Types of Reinforcement and 
Preparation — The two acceptable 
types of reinforcement mentioned in 
these rules are the strap or ring 
types shown in Fig. 9, and the sad- 
dle type shown in Fig. 10, both of 
which are widely used. 

Acceptable types of preparation 
for welded branch connections which 
have been proved to be satisfactory 
by tests are shown in Fig. 11. Type 
A represents the practice in which 
the opening in the header is cut 
straight and the branch sets on top 
of the header. Type B represents 
the practice whereby the opening in 
the header is scarfed around its en- 
tire circumference but the branch is 
cut square. Type C represents the 
practice where both the header and 
branch are scarfed. In all these 
types of preparation, it has been 
demonstrated that it is possible to 
secure acceptable fusion and to pro- 
duce sound welds. 


Specials—While the preceding 
quirements pertain to welded bra 
connections, rules for special fit: 
fabricated by welding, and for 
special fittings, are included in « ;, 
chapter also. These are as folk 


a) Fabricated swages, orange pec! 
plugs, segmental elbows and other 
cial fittings may be formed from pi 
plate material and welded in accor 
with the general requirements for w: 
jvints specified in this section. D 
shall be such that all special fittings 
be equivalent in strength to the 
puted bursting strength of a straight 
tion of pipe as determined for the seryicy 
conditions by the formulae for pip: 
thickness given in sections 1 to 5 iy 
sive in this code. The inherent weal 
of such designs shall be taken into 4 
count in establishing the service 
tions under which they may be used 

b) Cast special fittings with weld 
ends shall conform to material requir: 
ments of ASTM specifications A216 or 
A217, and shall be designed in accord 
ance with requirements of America: 
standard Bl6e, or paragraph 634 if prac 
ticable. Where rules of American stand 
ard Bi6e are applied in the design o/ 
such fittings, the shape factor employed 
in determining minimum wall thickness 
may be omitted for the cylindrical or 
tapered ends. When welding ends of 
castings are finish machined both insid 
and outside and carefully inspected, th 
quality factor at the welding ends may 
be taken as 100 per cent, but in no cas 
shall the thickness of the welding end 
be less than the wall thickness of 
mating pipe. 

It should be remembered that al! 
requirements given in the code fo 
pressure piping are minimum r 
quirements deemed essential for 
safety, and any construction supe 
rior from a safety viewpoint is a¢ 
ceptable. These code rules on reu 
forcement for welded branch con 
nections are quite similar to thos 
prescribed in the ASME boiler con 
struction code, except that the lat 
ter are not intended to be applied to 
branch openings greater than 60 per 
cent of the shell diameter. 

The subgroup does not submit 
that these rules represent the last 
word on the subject, but they ar 
considered to comprise a workable 
set of rules which will give satisiac- 
tory results for the ordinary classes 
of service covered by this code. Fur- 
ther consideration and modification 
of the rules, if necessary, will be a 
subject for future consideration 0! 
the subgroup. 


‘ — ” 
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INDUSTRIAL HEALTH DEFENSE 





Dust Counts and Their Significance 


By N. R. Bernz 


SUMMARY—Considerable attention has 
heen focused in recent years on the con- 
servation of health in industry, a subject 
which becomes of increased importance 
in connection with the production for 
victory program. Mr. Bernz, of the 
Fidelity and Casualty Co. of New York, 
discusses the methods employed in the 
evaluation of dust exposures, reviewing 
the types of sampling and counting in- 
struments and the various factors in- 
volved. . . . In March he covered the 
Greenburg-Smith impinger—best known 
of the sampling devices—and the Sedg- 
wick-Rafter and Hatch cells for dust 
counting. This month, he discusses the 
midget impinger, the microprojector, the 
Owens jet, the B. & L. dust counter and 
the konimeter. . . . In his next article 
he will consider the choice of dust count- 
ing instruments, methods of sampling 
and evaluation. .. . His material is based 
on a paper read before the Greater 
New York Safety Congress 


THE DESIGN of the midget impinger 
is—as the name implies—a duplica- 
tion of the impinger described in the 
March HPAC, except that it is of 
much smaller proportions. The vol- 
ume of the sampling liquid is usu- 
ally confined to 10 cc and the sam- 
pling rate to 1/10 cfm, instead of 75 
cc and 1 cfm, respectively, for the 
larger instrument. [See Bureau of 
Mines Midget Impinger, by H. H. 
Schrenk and Florence L. Feicht, U. 
S. Bureau of Mines, I. C. 7076, 
June, 1939]. The method of evalu- 
ation of the dust samples is the same 
for the two instruments. 

Referring to the equation on p. 
175 of the March HPAC, and as- 
suming a 10 min sample, the factor 
which in the case of the larger instru- 
ment was 20,000 now becomes 40,- 
000 ; this is due to a higher ratio be- 
tween the volumes of sampling fluid 
and air. This will require less dilu- 
tion, however, so that the factor in- 
fluencing the error remains the 
same. A 10 million particle sample 
as referred to in the March issue 
would mean 250 particles in the 
field. This would require a dilution 
of only five times, and the final fac- 
tor would again be 200,000. 

The Microprojector — Recently, 
the microprojection method has 
been used for quantitative determi- 


nation of impinger samples. [See A 
Microprojection Method for Count- 
ing Impinger Dust Samples, by C. 
E. Brown, L. A. H. Baum, W. P. 
Yant and H. H. Schrenk, U. S. Bu- 
reau of Mines, R. I. 3373, 1938]. 
The difference between this method 


cated that dust counts made with 
this technique result in as great 
precision as counting with th 
direct microscopic method if a field 
of five squares is counted. On this 
basis, 1 ce of sampling liquid cor 
+] 


re sponds to 20,000 fields. so that 





Photo courtesy U. S. Bureau of Mines 


The microprojector is one of the methods described this month 


and the regular microscopic method 
is that the microscopic field is pro- 
jected on a translucent screen and 
at a much greater magnification. 
Through a combination of eye piece, 
objective, tube length and distance 
of the screen, a magnification of 
1000 diameters is obtained, as com- 
pared to about 100 times used in the 
standard method described before. 
The screen is usually ruled into 
large squares and subdivisions in 
such a manner that the largest 
squares represent 1/100 sq mm each 
of the microscopic field. With a 
1 mm deep cell they also repre- 
sent 1/100 cu mm each of the dust 
sampling liquid. Brown et al indi- 
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number of particles per cu ft of ait 
will be: 

Count per “Five 

Square” Field & 20,000 & cx 


Cu Ft of Air 

If the count per field is called ( 
and we assume a 10 min sampk 
with the midget impinger (i.e., 1 cu 
ft of air and 10 cc sampling liquid) 
the above takes the following form 

C X 20,000 * 10 

———__memue we CX S00608 

1 


Although a smaller field has been 
covered in the actual counting, the 
above factor is no greater than those 
developed for the direct microscopic 
method on impinger samples. This 
is due to the fact that with this tech- 
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nique no dilution needs to be con- 
sidered until exceeditigly heavy 
concentrations are encountered. Ac- 
cording to Brown and his colleagues, 
50 times as 4concentrated, samples 
can readily* be counted, with this 
method as those permissible in the 
regular microscopic procedure. For 
a 10 million particle sample, a field 
count of 50 is required. This corre- 
sponds to a cancentration of 1000 
particles per cu mm of the sampling 
liquid, as compared to about 200 
recommended for direct microscopic 
observation, which is only five times. 
Based . on. the above - mentioned 
claim, with this technique it should 
be possible to count dust concentra- 
tions up to 100 million particles per 


cu ft of air, without dilution, i.e.,. 


a.calibration factor not over 200,000. 

In view of the heavy concentra- 
tions «that can be counted by this 
method, large air volume samples 
taken in moderately dusty attios* 


pheres can‘still be counted without , 


dilution, thus reducing the multipli- 
cation factor» If, for instance, the 
standard impinger with 75 cc of 
sampling liquid were operated for 
30 min in an atmosphere with 10 
million particles per cu ft, the factor 
would be reduced to 50,000 which 
is in the class with that of the koni- 
meter, and the dust concentration of 
the sampling liquid would still be 
only 20 times that of the regular 
technique. This factor, however, 
would not cover a_ concentration 
range exceeding 25 million particles 
per cu ft. [The above discussion is 
based ona field of 0.05 cu mm.] 
Obviously a heavier concentration 
can be counted with a low factor if 
the size of the field is increased, and 
for a certain concentration a large 
factor similarly can be decreased. 
It is apparent that practically the 
same result will be obtained by the 
microprojection technique, if the 
final calculation is based on one 
square instead of five, provided that 
the larger area has been covered in 
the actual counting and the value 
thus obtained reduced to an average 
per square to which a larger factor 
is applied. On this basis, the fac- 
tor will be five times higher, or 10° 
in the case of the midget impinger 
sample referred to above. Exclud- 
ing the deviation produced by mul- 
tiplication of a slight mathematical 
error made in obtaining the average 
count per square, which is insigni- 
ficant when compared to errors pro- 
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Microprojector screen, showing 


duced in the counting itself, this 
method is obviously just as accurate. 

On the other hand, if the actual 
enumeration should be confined to 
such a small liquid sample as rep- 
resented by one square, the final 
error might be considerable after ap- 
plying a factor of one million. 

Owens Jet — This instrument 
consists of an airentrance tube open 
at one end and communicating with 
a small airtight “chamber at the 
other end through a 10 mm by 1 mm 
streamlined rectangular nozzle. [See 
Industrial Dust, by Philip Drinker 
and Theodore Hatch, McGraw-Hill 
Book Co. ] 

An impinging surface is provided 
by means of a circular glass slide 
placed opposite the nozzle in the 
chamber referred to. To this cham- 
ber is connected a 50 cc capacity 
hand pump which is the means of 
suction. To operate this instrument 
the chamber is brought under nega- 
tive pressure by means of the hand 
pump; the dust laden air rushes in 
through the entrance tube and the 
nozzle, into the airtight chamber 
where it impinges against the slide. 

Owens jet dust samples are eval- 
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hoto courtesy U. S. Bureau of Mines 
shadows of dust particles 


uated in the following mannet 
glass slide containing the dust 
placed under a high power m 
scope and counts made by means 
light field illumination. The mi 
scopic setup involves besides 
light field condenser, a 2 mm oi! 
mersion objective and a 15 x « 
piece containing an ocular mict 
eter ruled into squares. This cor 
nation gives a magnification of « 
1000 diameters. Considering 
shape of the nozzle, it is evident t! 
the dust record on the glass will 
pear in the form of a band appro» 
mately 10 mm long by 1 mm w: 
When counting these samples 1 
practice to count several ribbons 
the same width as a certain squar 
in the eye piece, across the dus! 
record, and to obtain an averag 
count of such ribbons. For calcu! 
tion of the final count the numb 
of particles in such a ribbon is ! 
tiplied by the length of the du 
record in units of ocular micromet 
squares and divided by the num/)e! 
of cc’s of air volume, which is > 
per pump stroke for this particu! 
instrument. This will give the « 
concentration in terms of partic! 


/ 


, 












FE a 








a or 


cubic centimeter of air. If the 
rage number of*particles per rib- 
n is called C and only one stroke 
made, the equation for particles 
ser ce ofair can be written : 
C X No. of Ocular Micrometer 
Squares across the ribbon 


50 

In order to see how: the calibra- 
tion factor may affect the final count 

| this case, let us assume an ocular 
nicrometer ruling which at the par- 
ticular magnification will make the 
sides of the squares 20 microns. 
(herefore, the length of the dust 
record which is 10 mm long. will be 
5300 in terms of ocular micrometer 
squares. The number of particles 
per ce of air will therefore be: 

500 
C> C x10 
50 
(Based on one stroke) 

The count per ce of air would 
therefore be obtained by multiplying 
the average ribbon count by 10. In 
order to get the count into numbers 
per cubic foot of air, which is stand- 
ard practice in this country, this 
value will have to be multiplied by 
28.3 « 1000 283 XK 10*: In 
other words, the count per cubic foot 
of air becomes C XK 2.83 x 10°. 
The final factor, therefore, influenc- 
ing the original count, is in the same 
class as those developed for some of 
the methods previously described. 
While it is true that this factor will 
he brought down as the number of 
strokes is increased, the ribbon 
concentration will increase accord- 
ingly with the possibility of a greater 
error in ribbon count. 

The Bausch & Lomb Dust Coun- 
ter—This instrument operates on 
the same principle as the Owens jet 
and a number of the design features 
are common to both instruments ; for 
example, the air entrance chamber, 
nozzle, circular glass slide and hand 
pump. The nozzle in the standard 
instrument is but 6 mm long by 0.4 
mm wide and the hand pump has a 
capacity of only 28.3 cc. The prin- 
cipal difference, however, between 
the two devices is the microscope 
combined with the sampling mech- 
amsm in the B. & L. instrument. 
The microscope is arranged for a 
modified dark field illumination, i.e. 
an Abbé condensor with a central 
stop, 200 times magnification (10 x 
objective and a 20 x eye piece) and 
a micrometer disk in the ocular on 

hich a grid is ruled in the form of 

ladder 60 microns wide. 





The dust record impinged on the 
circular glass slide in this instru 
ment as in the Owens jet takes the 
shape of a band. The counting is 
also done in a similar manner, i.e. 
several ribbons 60 microns wide are 
counted across the dust record and 
an average of such counts is used 
in the final calculation. Since the 
length of the dust record is 100 
times the width of the ribbon 
counted (6000 and 60 microns re- 
spectively ), the count must be mul- 
tiplied by 100 in order to include all 
the particles in the sample, and since 
one stroke represents only 1/1000 
of a cubic foot of air, the above 
should also be multiplied by 1000 
to get it on a cubic foot basis. 
In other words, the original count 
must be multiplied by 100,000 to 
obtain the final dust value per cubic 
foot of air. If the average count 
across the dust record is called C, 
the number of particles per cubic 
foot of air based on one stroke will 
be C & 100,000. 

The reason the multiplication fac 
tor becomes so much smaller in the 
quantification of samples by this 
method as compared to the Owens 
jet samples is simply that due to 
the microscopic setup, a much wider 
ribbon is counted across the dust 
record in the B. & L. instrument. 
In view of the greater magnification 
and narrower ribbon observed on 
the Owens jet samples, the count 
ing error is no doubt smaller, so that 
although a larger multiplication fac 
tor 1s applied it does not follow that 
the final error is any greater. 


The Konimeter—Basically — the 
sampling mechanism of this instru- 
ment closely resembles that of the 
Owens jet and the B. & L. sampling 
devices. It is provided with an en- 
trance nozzle, which in this case is 
of a circular shape, 0.6 mm diameter. 
The air is actuated by means of a 
pump and impinges upon a round 
glass plate as in the other two de 
vices referred to above. In the mod- 
ern instrument this glass plate is 
large enough and can be rotated so 
that 30 dust samples (spots) may 
be collected on a single disk. The 
average sampling volume is said to 
be about 5 ce of air per stroke. In 
this instrument, as in the B. & L. 
counter, a microscope has been in- 
corporated for direct counting. The 
microscopic setup provides for dark 
field illumination, 200 diameter 
magnification and a grid in the ocu- 
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lar ruled in such a manner that two 
lines cross at an angle of 9 deg. 
In the counting procedure, th 


; 


point of intersection of these two 
lines is centered over the dust spot 
so that the sectors formed by thx 


crossed lines divide the dust spot 
symmetrically, 


/ 


For enumeration of the particl 
it is practice to count all the pal 
ticles in one 9 deg sector and thet 
rotate the eye piece until four such 
sectors have been counted For the 
final evaluation, the number of 
particles in four 9 deg sectors 1s 
multiplied by 10 and divided by the 
number of cc of the air sample, 
which gives the particles per c 

If we call the average count per 
four 9 deg sectors C and assume a 
one stroke sample, 1.e., 5 cc, the num 
ber of particles per cc can be state 
as (C & 10)/5 LM 2 

In order to transform 
particles per cubic foot of air, 
necessary to multiply by 28,300, 
which, therefore, C & 56,000 

This is a small factor compared to 
those developed for some of tl 
other methods, and will naturally 


{ 


have a proportionally smaller effect 
on the actual dust counting error 
Before we conclude, however, that 
a more exact dust count is obtained 
on a sample collected by this instru 


ment, let us see what the proportion 
of the original error might be 
According to Mavrogordato |se¢ 
Industrial Dust] anything up to 500 
particles per cc is “easy to count.” 
This concentration corresponds to 
14.2 « 10° particles per cu it. While 
it is true that the term “easy” is 
relative, one would be inclined 
believe it implies that the samples 
can convenienty be counted with a 
reasonable percentage of error. On 
this premise and considering the low 
multiplication factor, this instrument 
should pre ybably be considered fairly 
accurate for evaluation of its own 
samples in concentrations below the 
14 million class. Above this figure, 
Mavrogordato’s classification indi 
cates that counting is “not easy.” 
This probably means that at this 
concentration the particles begin to 
pile on top of each other and as soot 
as that happens the error in count 
ing no doubt becomes considerabk 
Therefore, although the multiplica 
tion factor is small, the final error 
may be just as great as with any 
other method when the above con 
centration class is exceeded. 


463 


* 
| 
A 
: 
: 


ew Behe 

















Humidity Control in 
UNDERGROUND BOMBPROOF SPACE; 
By Edward Ledoux 


SUMMARY—tThe author was until last 
year chief engineer of a French firm en- 
gaged in air conditioning engineering, 
particularly with adsorbents. Although 
many varied problems for the French 
army and navy were handled and solved, 
most of the firm’s activity after 1931 
was concerned with bombproof shelters, 
storerooms, forts and factories. . . . The 
necessity for humidity control in under- 
ground spaces was imposed by the con- 
siderable deterioration of equipment or 
supplies and numerous cases of pneu- 
monia among men manning forts or 
servicing storerooms; dormitories in 
forts could not always be occupied 
steadily as they were meant to be. At 
first, no one had any idea either of the 
order of magnitude of the capacities re- 
quired or of the most adequate means; 
wall evaporation was not suspected 
cause the walls looked dry. . . . The bulk 
of this discussion bears on wall evapor- 
ation. This is intentional because it has 
been the author’s experience that this 
source of humidity is always underes- 
timated, if not disregarded entirely. He 
stresses the importance of this factor and 
how to cope with it; other sources of 
humidity are merely mentioned because 
their handling is just usual air condi- 
tioning. . . . In the January HPAC, Mr. 
Ledoux stressed the importance of the 
wall evaporation moisture factor, and 
enumerated means of reducing the con- 
ditioning load. A third article, to appear 
later, will cover isothérmal and intermit- 
tent operation and the case of factories 
and shelters 


A SHORT discussion of the mechan- 
ism of wall evaporation in under- 
ground spaces, and numerical ex- 
amples, will serve to illustrate the 
author’s comments [on pp. 6-8 of 
the January HPAC] on the impor- 
tance of this factor in air condition- 
ing of underground bombproof 
spaces. We will first consider the 
case where the arrival of capillary 
water at the wall surface is equal 
to the removal by evaporation and 
for the moment, we will assume 
complete abstraction of the original 
air present in the spaces when con- 
ditioning starts ; as will be seen later, 
this original air is theoretically 
evacuated in the first few hours. 


Wet Bulb 
Temperature 


In the case of storage spaces 
where no heat is evolved, it is only 


in the particular case where the wet 
bulb temperature of the air is equal 
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to the natural temperature* of the 
unconditioned space that the humidi- 
fication line is one and the same as 
the adiabatic humidification line on 
the psychrometric chart. Generally, 
the humidification line varies con- 
tinuously with time due to the 
change in wall surface temperature 
caused by heat exchange between air 
and masonry; this is illustrated on 
Fig. 1, where the natural initial con- 
dition of the space is 50 F saturated. 
If the point representing the condi- 
tioned air supply is O, the humidifi- 
cation line is OC at all times ; if it is 
B, with a higher wet bulb tempera- 
ture, the humidification line varies 
from BC at “time zero” to BD at 
“time infinite” and the wall tem- 
perature rises continuously. If the 
point representing the conditioned 
air supply is A, the humidification 
line varies continuously from AC to 
AE and the walls are cooled. In 
both cases, the humidification line 
tends toward the wet bulb line and 
operation tends to become adiabatic. 

Effectively, choosing as main vari- 
ables the total heat Q in Btu per Ib 
of dry air and the absolute humidity 
w in lb of moisture per lb of dry 
air, and taking for origin of coordi- 
nates the natural initial conditions at 
the wall surface, the general equa- 
tion of the humidification lines, in 
the present case of low vapor pres- 
sures is: 

m 


ai [ a. _ Pe [1] 
QO. Qo. — kwo 


We also have: 
qs 


Q ~ Ak’(k+m) X 





In these relations, which will per- 
mit plotting, Q, and w, are the con- 
ditions of the inlet air ; k is the slope 
of the saturated vapor curve plotted 
as total heat versus absolute 
humidity and, in the range consid- 
ered (50 to 60 F) it may be con- 
sidered constant without great error 
and equal to 1700 Btu per Ib of dry 
air for 1 Ib moisture increase per Ib 


*The “natural temperature” is the tempera- 
ture of the spaces and walls before any condi- 
tioning (50 to 60 F in temperate zones). See 
January, 1942, HPAC. 


of dry air; / is the distance i: 
from the inlet grille; s is the ya) 
surface per ft of air travel, in sq (- 
and A is the flow in lb of dry air 
per hr. The value of m is: 


qa 





m = — 
HBk’X 

in which q is the conductivity 
the masonry in Btu per sq ft per F 
for 1 ft thickness; @ is the constant 
ratio of densities between air and 
water vapor (a = 0.623) ; H is at- 
mospheric pressure in inches of 
mercury; B is the coefficient of 
evaporation in Ib per hr per sq ft 
for 1 in. vapor pressure difference ; 
and k’ is the slope of the saturated 
vapor curve plotted as humidity ver 
sus temperature (k’ = 0.00034 Ib 
per lb for 1 F temperature increase ). 
X, which depends upon time ¢ and 
diffusivity only, is the horizontal 
projection of the initial tangents to 
the temperature-space curves inside 
the walls. For X smaller than about 
30 per cent of the wall thickness 


2q 
A=sij/—s 
| cd 
in which ¢ and d are the specific heat 
and density of the masonry. Beyond 
the mentioned limit, the temperature 
of the outer wall surface begins to 
rise appreciably and X will increas: 
more slowly due to heat loss to the 
earth whose diffusivity is greater 
than that of the walls. For thick 
walls such as those encountered in 
bombproof construction, however, 
the error committed by extended use 
of the above relation will only be of 
the order of 1 or 2 per cent. The 
initial tangents can also be dete: 
mined from a Schmidt? graph al 
though, taking the first segment for 
the tangent will give higher values 
than those corresponding to the true 
tangent. Although the precision of 
computation increases with the num- 
ber of divisions used the error on 
the projection of the tangent is most 
likely to exceed that committed when 
extending the use of the previously 
given relation. 





tE. Schmidt: A. Fépples Festschrift. J 
Springer. Berlin. 1924. Also: W. Trinks 
Industrial Furnaces, Vol. 1, John Wiley & Sons 
Inc., 1934, 
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We will forego the calculations es- 
tablishing the equation of the hu 
midification lines because, although 
they are not particularly complicated, 
they are somewhat lengthy 

It will be seen however that for 
t= 0, X 


that the expression reduces to O/w 


O and m is infinite, so 


w,, Which is the equation of 
straight line joining the air inlet 
conditions to the initial conditions. 
For ¢ infinite, X is infinite and 
m — 0: 


VU=Q,, which is_ the 


the expression reduces to 
adiabatic 
humidification line from the point 
representing the inlet conditions. 
lor intermediate values of time, the 
nes are curved and concave toward 
he initial conditions at the wall 
surface. The temperature of the wall 
surface, which varies not only with 
me but with the location, is given 

the intersection of the tangent it?’ 
the humidification line with the 
iturated vapor curve (Fig.1). Of 
urse, for inlet conditions at O, the 
absolute 
unidity remain equal throughout 
the initial temperature and hu 


irlace temperature and 


idity of the spaces and w, = 7; 
ile V= 0<,= 90, 


Adiabatic Operation 


Generally speaking, it will be 


found impossible or prohibitive to 
design the conditioning equipment 
for delivery of air at a lower wet 


1 
} 


bulb temperature than the natural 


temperature of the space his is 


due to the fact that both temperature 
and dew point must be low while lit 
tle or no cooling water is usually 


be done 


available. The best that can 
is to produce air at a wet bulb tem 
perature equal to the natural tem 
perature of the spaces. Operation is 
then adiabatic. 

Let us determine the absolute hu 
midity in the spaces under adiabatic 
conditions 

Stating that the humidity increase 
of the flow of air as it travels across 
the surface dS of wall area is equal 
to the evaporation from that sur 
face, we have: 

idw— B (pi—p) dS 
in which A is the flow of air in 4b 
per hr, p is the vapor pressure of 
the air and fp; the vapor pressure at 
the surface 


Considering that . the 
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expression may be writl 


f - oriaet haanidit 
t avpsoiure Numid 
zw 
li ; t} val 
5 1s ( Wa 


n whi 1S é 
nlet orille 
Che vapor exchangt 
be written 
5 H p 
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vhich iter integr 
‘ i r, 
*< z 
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Efficiency is the ratio 


sults actually achieved and 


imum possible 
of absolute humidity 
efficiency of | 


flow of air is therefore 


1¢ wall surface 
In the light OT t 


last piven equatiot may 
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Expresses 


humidificat 
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Bs (H—?p:) 
—Il =—(a+wi) log (I—F) 





A 

ws BE ie RD i caren Sndulane smn [3] 

Plotting is easier under this latter 
form by dividing (w,;—w,) into 
10 equal intervals. The last item, 
E(w;—w,.), is very small and 
could be neglected without great 
error; so doing yields an approxi- 
mate expression of the absolute hu- 
midity efficiency which will apply for 
low vapor pressures as in the pres- 
ent case: 


Bs (H pi) 
l 
A (a + w) 
I — l é 
Wi pi 
or, considering that — —— ; 
a H-p, 
Bs (H pi = 
l 
: aAH 
Be see Gerth nk bio hive i iawans [4] 


Neglecting air pressure variations 
entirely, as can be done in the pres- 
ent case of low vapor pressures, the 
efficiency is: 

BsH 
_—1 
aA 


E=l—e 

A numerical application of equa- 
tion 3 is given on Fig. 2, the data 
being that indicated in the lower 
right hand corner; the natural tem- 
perature of the spaces considered 1s 
56F and the conditions of the inlet 
air are represented by point O (Fig. 
3). Operation is in ‘a closed circuit. 
The result is the heavy line curve 
marked “Limit Absolute Humidity.” 
Once this curve is plotted, the rela- 
tive humidity can be read off the 
psychrometric chart along the 56F 
wet bulb line; the relative humidity 
curve is plotted in dash line and 
marked “Limit Relative Humidity.” 

Equation 3 does not take into ac- 
count the original air present in the 
spaces when conditioning starts so 
that the curve shows the humidity in 
the spaces once the original air has 
been completely evacuated; up to 
that time, which is theoretically in- 
finite, the humidity in the spaces is 
higher. Let us determine the rate 
of elimination of the original air and 
the decrease in humidity, making 
abstraction this time of wall evapo- 
ration. 

Expressing that the decrease in 
humidity in the spaces is equal to the 
amount taken up by the flow of air, 
gives: dew’ 
A (w’—wo) = — W — 

dt 
A dw’ 
or —dt—- . 


W w’ — Wo 
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W being the weight of dry air origi- 
nally present in the spaces and w”’ 
the outlet humidity of the air flow. 
Integrating the above yields: 


A tw” — tr 
——t = log — 
Ws — Wo 
1 A 
or log —— = —? 
1—E W 


In the present numerical example 
we have one air change per hour 
(4/W = 1) and the evacuation 
curve is plotted in the left hand half 
of Fig. 2 (curve marked “Inlet Hu- 
midity”). It will be noted that, al- 
though the time required for com- 
plete evacuation is infinite, for all 
practical purposes it can be consid- 
ered finished in the first four hours. 

To take care of the evacuation of 
the original humidity, «#, must be 
replaced by w’ in equation 3 which 
means considering the inlet condi- 
tions as w’; this has been done 
on Fig. 2 for the values of w’ after 
8’, 21’, 1°21’ and 3°21’ as shown 
by the dot and dash witness lines 
which determine the inlet humidity 
and the origin of the humidity curve 
at the considered time; the plotting 
of the rest of the curve is done by 
means of equation 3 and dividing the 
interval (7, — zw’) into tenths. 


Capacity 


The hourly water vapor extraction 
from the spaces which must be han- 
dled by the conditioning equipment 
is plotted in the left hand half of 
Fig. 2. It is the product of the dif- 
ference between inlet and outlet hu- 
midities and the flow. Due to the 
decrease in outlet humidity during 
the evacuation period, the capacity 
decreases continuously until a prac- 
tical equilibrium is reached (55 Ib 
per hr in the present case) when 
the entire capacity is spent against 
wall evaporation. 


Natural Temperature 


For low vapor pressures, the vari- 
ations of the air pressure (H — /p;) 
with p; are very small and have 
little effect on the expression of the 
ef§ciency given by equation 4. In 
other words, the efficiency remains 
substantially the same for all wet 
bulb temperatures within the range 
of underground conditioning. For 
this reason, a low natural tempera- 
ture is a favorable factor since, the 


lower the absolute humidity, 
smaller the plant capacity requir: 

This is illustrated on Fig. 2 by 
curves 4 and B which respecti\ 
represent the limit absolute and ; 
tive humidities for a natural 
perature of 5O0F instead of 56, 
other conditions remaining the sa 
The plant capacity has dropped f: 
55 Ib per hr to 41 Ib per hi 
the cost of only a slight rise in 1 
tive humidity. 

Any circumstance which incr¢ 
the humidification efficiency is 
unfavorable factor. Equation 4 s! 
that decreasing the flow would | 
this effect since 4 appears in 
denominator of the exponent; 
flow must therefore be kept ai 
maximum value and _fractionat 
the inlet down the length of 
spaces, in an attempt to get 
uniform temperature, would ca 
a very substantial increase in 1 
tive humidity. 

















IN BRIEF... 


Power Shortages.—The Wa: 
duction Board set up last month 
chinery to handle power shortas 
wherever and whenever they occur 
this country. It issued an  ordet 
(L-94) of nationwide application w! 
may affect every user of electric po 
in the country. Purpose of the ord 
is to assure a steady flow of powe: 
war industries and essential civil 
services by curtailing non-essent 
uses. Curtailment of electricity 
regular consumers, however, will 
take place until an area becomes 
power shortage area. 


Specialties —Schedule No. VII! 
limitation order L-42 requires the su 
plification of vacuum and vapor 
ing specialties after June 15. Thess 
clude various types of traps, strain 
and valves. It is estimated by 
plumbing and heating branch of 
War Production Board that this sch: 
ule will save about 100 tons of stan 
less steel, and approximately 850 tons . 
of copper and copper base alloy. 


Steel and Copper.—A sweeping « 
servation order (M-126) issued 
month by the War Production B 
forbid the use of iron and steel 
list of some 400 items, including h« 
ing, piping and air conditioning equ! 
ment. Any appeals from provisions 
the order must be made on form 1! 
437, . . . Another amendment to 
copper order issued last month | 
hibited the use of copper and its all 
in over 100 items. 
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ANALYSIS OF PERIODIC LOADS IN COMPOSITE WALLS 


By B. F. Raber and F. W. Hutchinson 
Professor and Assistant Professor, respectively, of Mechanical Engineering, University of California 


[HE GRAPHICAL method of determining in the wall and film coefficients of 1.6 ence lines / and O, and points on thes 
the temperature at any point, for any and 6.0 Btu per hr per sq ft per F on the lines representing air temperatures at 
time, in a homogeneous wall subject to inside and outside surfaces respectively. time intervals of % hr, are established 
periodic variation of the outside air tem- Since the plaster and plaster board have (see dotted lines) by transfer from the 
perature [see April, 1942, HPAC, pp. approximately the same characteristics, temperature-time curves for inside and 
241-242] can be readily extended to com- these two materials can be considered as outside air temperature variation over th 
posite walls consisting of any number of one 7 in. thickness of plaster; similarly 24 hr cycle. In this example the insid 
homogeneous sections. The example il- the siding and sheathing can be regarded temperature is assumed constant at 70 fF 
lustrated on these pages is for a particular as one 134 in. section of pine. Values of while the outside temperature varies sin 
wall, but the routine procedure of setting the conductivity, &, specific heat, ¢, and usoidally (or by exact data from weather 
up the problem and of carrying out the density, p, are shown on the figure. bureau) from a maximum of 70 F at 

graphical construction is explained in ig. 2—The inside and outside refer p.m. to a minimum of 30 F at 2a.m. The 


general terms permitting direct applica- 
tion to any other composite wall. 
Fig. t—The actual wall selected as an 
















































































































; : ogy : at | a Q n RP 
example consists of an inside surface of A Say 3% Rock Wool 4 loside_Temperoture M 
4 in. plaster on % in. plaster board, an =} - a. Outside Periodic 
: ‘ oot : py csix ib 4 ., Temperature 
outside surface of 34 in. pine siding on 1 ti =12.50 Yo" yy ———e——7f>9PMI7TAM 
in. pine sheathing, 35¢ in. of rock wool 7 Q r 4 i 
Ore SR g| glC=57 Bhyipsr VU S| t$ td of, 
Copyright, 1942, by B. F. Raber and F. W. E > ' ! or. 21°. 
Hutchinson £ he § ! e e sie 
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% K=022 8 _™ 77 3 4 1 st GI 
s 3 2PM_.9 2AM 7 =& @&@ 
* FIG. |. REAL WALL TO BE ANALYZED FIG 2. TEMPERATURE VARIATION 
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“rock woo! . 38+ '2 +l. 13.7°= Thickness of equivalent section = —,—- 
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| J -at Tow KpAXp = 3.05 *.29 =.89' KwAXw =773 *BI = 625’ ¢ ax 
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“FIG 5. COMPLETE SET-UP OF BASIC LINES PRIOR TO STARTING GRAPHICAL ANALYSIS” 
oo 


* genes Se 
: , Determined temperature gradient ot time 664 


Assumed temperoture gradient ot time 6 






















FIG. 6. EXAMPLE OF CONSTRUCTION 


—Temperoture grodient,ot time 6+.5 




















Temperature gradient at time TS a3 ——S 


“FIG. 7 DUPLICATE EXAMPLE USING GRADIENT AT TIME -@+.5 FROM FIG. 6.—™ 
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slope, range and relative position of the 
two curves selected for this example are 
purely arbitrary. 

Fig. 3—Starting with the inside refer- 
ence line, an equivalent film and equiva- 
lent section of wall are laid off to the 
right such that a new wall is established 
of equivalent uniform conductivity equal 
unity. The purpose of this construction 
is to eliminate the change in direction of 
the temperature gradient which occurs 
at interfaces in the actual wall. 

Fig. 4—Selecting a time interval, A@, 
calculate the equivalent increment of wall 
width from the equation, 

/? (Ae) 
Af | —_—-—— 
pckK 
where KX is an arbitrary constant usu- 
ally taken as unity for the first approxi- 
mation. Then for the rock wool 


/ 2x0.5 
At: = | 
12.5x0.157x0.022x1 


But 4.82 divided into the equivalent 
width, 13.7, does not go an even number 


= 4.82 ft 





of times (2.84). Then choose a value for 
Ax such that 2(A+) = 13.7 and solve 
for Ky, 

2 (Ae) 2x0.5 





pck (Ax)* = 12.5x0.157x0.022x6.85° 
= 0.52 = approximately 0.5 

Similarly choose one and two sections 
for the plaster and wood respectively 
with consequent values of Kr = 3.05 and 
Ke = 0.773. Lay off the sections Arp, 
Axtr, A*~- 

Fig. 5—The temperature is to be deter- 
mined at the center of each A +r section. 
Draw in the center lines. From each cen- 
ter line lay off the distance K (As) to 
right and left and draw vertical construc- 
tion lines. 


r 


Fig. 6—Assume a temperature gradient 
at any time @ This gradient intersects 
each of the two construction lines asso- 
ciated with every center line. Connect 
each such pair of intersections and note 
the point at which this line intersects the 
center line; that point represents the tem- 
perature on center line *%4 hr later. Simi- 






















larly determine temperatures at ti 
@ + % on all center lines and com 
these points with straight lines. A stra; 
line is also drawn from point on ce: 
line farthest left to the unchanging 
side reference point RP and from ce: 
line farthest right to outside refer 
point for RP@+". 

Fig. 7—Starting with the temperat 
gradient at 6+% (from Fig. 6) de: 
mine gradient at time #41 (by 
method as in above paragraph.) | 
procedure is repeated for 24 hr cycle 
at that time the new gradient supe: 
poses on assymed gradient the assu 
tion was correct and a solution has | 
realized; if not, repeat. Usually on 
at most two, cycles will suffice to obtai 
solution. 

Fig. 8—This figure gives the complet 
solution of the example considered. S 
tions for other walls can be obtained | 
similar way and can be extended to ot 
temperature ranges or to summer | 
by the methods already explained iy 


April HPAC. 
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EXAMPLE: Winter 8-40 |¢ 
temperature is @ maximum . 
of 70°F at 2PM.,a minimum ? 
of 30°F at 2AM; inside tem- 7 
perature is constant at 7O°F 9-39 | 0 
At |OPRM. whot is temperature of 5 
inside surface? j e 
SOLUTION: IOPRM.is 16 half hour . 
intervals after time of maximum so gradi- 10-38 | © 
ent at this time is given by line 16-16. f & 
Intersection of 16-16 with plane A-A [inside & 
surface) gives inside surface temperature o 
equal to 697°F (from winter scale). . 11-37 | + 
} 2 
3 
+ Inside_air_ temperature —_, 12-36 1SC 
a ee e 
> 5 P 
5 80 Inside surface 604 - 
> - . C 
& temperature S 13-35 
E 90 50 £ j 
2 2 
5 4 \ 46 
E100 40 = ] 14-34 
E Outside air = 44 
” . ) 
110 30 
° oy 48 15-33 |. 
° Maximum voriation of inside surface temperature é p 3 
is Opproximately | °F. 
. ? 16-32 }4 
TEMPERATURE GRADIENTS IN A COMPOSITE WALL SUBJECT TO PERIODIC VARIATION h\ \h 
OF OUTSIDE TEMPERATURE AND CONSTANT INSIDE TEMPERATURE S - 
Wi 17-31 P 
Outside air temperature assumed to decrease as a sine function of time for 12 hours, then increase \ a 
similarly for 12 hours. Inside air temperature assumed equal to maximum outside temperature (for ll 18-30 
winter conditions) or minimum outside temperature (for summer conditions). . \ 
The solution given is valid for any temperature range subject to the limitations stated above. = 68 \\ 19-29 134 
Numbers represent half hour intervals from time at which maximum temperature (in winter) or minimum \, 
temperature (in summer) occurs. (Thus point 16 shows that assumed outside air temperature 8 hours N i>0-28 
after maximum outside temperature is equal to 40°F. for winter conditions). \ 5 1-27 32 
Solid line 16-16 represents assumed temperature gradient 16 A@ after maximum outside temperature. 7 
Dotted line 16-16 is corresponding gradient one cycle later. Solution therefore checks. B28 30 
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Message From Minnesota 


The situation of our Country is such that every 
one of us is devoting all his energies and time 
toward winning this war. This adds an extra 
strain on our mental and physical facilities and 
requires that some diversification or form of 
recreation is essential if we are to keep physi- 
cally fit in order to meet the requirements of our 
daily work. Therefore, the meeting as sponsored 
by our Society should be attended in full by our 
membership. 


Let's make it a date at St. Paul, June 15-17. 
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acteristics of an Insulating Material, by F. G. 
Hechler, E. M. McLaughlin, and E. R. Queer 
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F. W. Hutchinson 
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The Specific Heat of ‘Thermal 


Insulating Materials 


By Gordon B. Wilkes* and Carl O. Wood**, Cambridge, Mass. 


Introduction 


THE RESISTANCE to heat flow of the 
various thermal insulating materials 
under steady state conditions has 
been known for some time. In this 
case the conductivity value, k, and 
known conditions of temperature, 
thickness, and area are sufficient to 
determine the rate of heat flow 
through a particular material. How- 
ever, in the unsteady state the spe- 
cific heat and density are also im- 
portant factors governing the per- 
formance of the materials, and in 
many cases they may be fully as im- 
portant as the conductivity. 

For a number of years the use of 
insulating firebrick of low heat ca- 
pacity to replace regular firebrick 
in kilns and furnaces that are inter- 
mittently heated, has shown deci- 
sively that large savings in fuel and 
time can be obtained. McCullough' 
gives the results of tests on two 
furnaces, identical except for the 
type of lining, which were heated 
empty in order to compare the fuel 
requirements and heating time. The 
furnace with an insulating firebrick 
lining was heated to 2000 F with 
only one-third the quantity of gas 
required to heat the furnace lined 
with regular firebrick to the same 
temperature. Also the furnace lined 
with insulating brick reached 2000 
F in approximately 4% the time re- 
quired for the other furnace. 

In ovens and furnaces operated at 
lower temperatures (less than 1400 
FK) similar savings can be obtained. 
As an illustration, consider an oven 
insulated (1) with 4 in. of glass 
wool or (2) with 4 in. of 85 per 
cent magnesia. The oven, if main- 
tained at a constant temperature of 
500 F, will then lose very nearly the 

*Professor of Heat Engineering, Massachu- 
setts Institute of Technology, Memper ASHVE. 

** Assistant in Mechanical Engineering, 
Massachusetts Institute of Technology. 

‘Insulating Firebrick for Kiln Construction, 
by J. D. McCullough. (Bulletin American Cer 
amic Society, 20 [12] 1941, pp. 437-442.) 

_For presentation at the Semi-Annual Meeting 
of the American Socrety oF HEATING AND 


VENTILATING Encineers, St. Paul, Minn., June, 
1942. 
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SUMMARY—In order to provide data 
which has thus far been lacking, the 
authors have experimentally determined 
the specific heat of fifteen of the more 
common insulating materials. The mean 
specific heats were determined for the 
temperature range within which the ma- 
terials are generally used. This range 
was from 80 to 212 F for the organic 
insulators and from 80 to 1350 F for the 
higher temperature materials. True spe- 
cific heats were calculated for the mate- 
rials used above 212 F. A discussion of 
the importance of heat capacity as applied 
to thermal insulation is included. 





same amount of heat whether insu- 
lated as in (1) or (2). This state- 
ment is based on the premise that 
the k values are approximately equal 
for the mean temperature between 
80 F and 500 F. Although this as- 
sumption is not true for all types of 
the two insulations, it will be satis- 
factory for this comparison. 

If the period during which the 
oven is raised in temperature is con- 
sidered, then the heat quantities in- 
volved in the two arrangements will 
be substantially different. Also the 
time required to reach equilibrium 
will be considerably more in the 
second case than in the other. 

Assume the oven insulated as in 
(1) to be heated from 80 F to 500 
F. Taking the mean specific heat of 
glass wool to be 0.234 as determined 
in this investigation and assuming a 
density of 3 Ib/ft*, then the heat 
required per cubic foot of material 
will be: 


(500-80) 
iain Wee + 
9 


Similarly the oven insulated with 
85 per cent magnesia will require 
(500-80) 


= 148 Btu /ft® 


uw 


< 0.284 K 15 — 895 Btu/ft® 
» 


to heat the insulation. 

Thus the heat requirements for 
the two insulations are in the ratio 
of 1 to 6. The heat capacity of the 
framework would reduce the ratio 
of total heat requirements according 
to the quantity of material in the 
framework and the type of construc- 
tion. In no case, however, would 





this factor reverse the ratio sinc 
same supporting structure was 
sumed in each case. 

In comparing the times requ 
to heat the apparatus to the des 
temperature, the thermal cond 
tivity must also be considered. 
conductivity divided by the prod 
of specific heat and density (k 
gives a term commonly referred 
as thermal diffusivity. For mate: 
of the same thickness, the heat 
time is inversely proportional t 
diffusivity. For materials of 
same diffusivity, the heating tim 
directly proportional to the squ 
of the thickness. Consequently, 
any material of any thickness, 
controlling factor in heating time 








1 cpLl* 

—- < L* or where L is the 
k/cp k 
thickness.” 

Since the two installations are | 
same thickness, however, the the: 
mal diffusivity alone can be used 
for comparison of heating times 

Thus glass wool with a mea 
conductivity between 80 and 500 | 
of 0.44 Btu, hr, ft-?, F-, in. has a 
diffusivity of 0.44/0.234 * 3 & 12 
or 0.052 ft?/hr. In order to have 
consistent units, the & factor of 0.44 
is divided by 12 so that the new & is 
expressed in Btu, hr, ft*, d 
F-*. ft. 

The conductivity of 85 per cent 
magnesia can also be taken as 0.44 
Then the diffusivity will be 0.44 
0.284 X 15 X 12. or 0.0086 ft® 

It is seen that the oven insulated 
with glass wool will reach 500 F 
0.0086 /0.052 or approximately 16 
of the time required for the mag 
nesia installation. 

These examples show that by co. 
sideration of heat capacity in add 
tion to other properties a more sa! 
isfactory selection of insulation ca’ 
often be made. 

In order to provide data on th 
specific heat of thermal insulatio 
an investigation has been carri 


{ 


*Heat Transmission, by McAdams, Chay 
IT, 1933. 
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at on some of the common mate- 
als. Little has been done along 
is line in the past. Until recently 
here has been very little interest 
mong users of insulation either be- 
ause they did not know the effect 

f heat capacity or they relied on 
past experiences. Furthermore, the 
ery nature of the materials presents 
-onsiderable difficulty in measuring 
he specific heat. 

The usual calorimetric apparatus 
employs a liquid, usually water, in 
which a heated specimen is dropped. 
fhe temperature rise of the hquid 
times its specific heat and weight 
will then give the total heat received 
from the specimen. The contact be 
tween liquid and specimen permits 
thermal equilibrium to be estab 
lished in a comparatively few min- 
utes. The heat gained from or lost 
to the surroundings during this 
short interval will then have only a 
small effect on the final accuracy. 

However, because of the various 
binders and fireproofing chemicals 
present in insulating materials, a 
chemical reaction may take place 
when the substance is placed in 
water or other liquid. This of course 
would change the measurement con- 
siderably. Also the fact that some 
of the materials will not sink, even 
though compressed to five or ten 
times their original densities, proved 
to be a considerable problem. 

For these reasons it was found 
advantageous in this investigation to 
use a dry calorimeter* in which a 
hlock of metal was substituted for 
the liquid. The materials were com- 
pressed to pellets with five or ten 
times the original densities but the 
thermal conductivity was still rela- 
tively low. This, along with the 
high thermal resistance between the 
sample and calorimeter, hindered 
eat flow to a considerable extent. 

In order to hold the time required 
to reach equilibrium to a minimum, 

was necessary to use as small a 
sample as possible. At the same 
tume the sample had to be large 
enough to maintain satisfactory ac 
uracy in weighing. Furthermore, 
is it was found necessary to cover 
the sample with metal foil to prevent 
loss of material, the sample had to 


Improved Metal Calorimeter for Determin: 

n of Specific Heats of Metals, Oxides and 
“lags, by Grosse and Dinkler. (Stahl und Eiser 

L11] 1927, pp. 448-453.) 

The Specific feat of Magnesium and Alumi 
+ Oxides at High Temperatures, by G. B. 
Wilkes (Journal American Ceramics Society 

{1] 1932, pp. 72-77.) 


be large enough Bra 
so that the foil 

heatcapacity p 
would be rela 
tively unimpor 


tant. [] - | 
, ° } ’ 

Because of 
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these limitations, 
the time re 
quired for the 
sample to reach 
equilibrium with 





the calorimeter 
was fixed at ap 
proximately 50 


min. Although ( l 5 


- 








this compara Fig. 


tively long time 

is not usually satisfactory for calor 
metric measurements, its effect on 
the final accuracy was reduced con 
siderably by calibrating the calor 
meter under practically the same 
conditions as in an actual determina 
tion. 


Apparatus and Method 

The mean specific heat between 
80 I and temperatures ranging from 
212 F to 1350 F were determined 
experimentally for 15 materials. In 
addition, the variation of true spe- 
cific heat with temperature was 
calculated for those materials which, 
by virtue of their use in industry, 
seemed to warrant determinations 
at more than one temperature. 

The apparatus consisted essen 
tially of a metal calorimeter com 
plete with an adiabatic jacket, a po 
tentiometer and thermocouples for 
measuring the temperatures of the 
specimen and calorimeter, and fur 
naces for heating the specimen to 
the desired temperature 

The calorimeter itself was a 
cylindrical block of metal with a 
hole drilled part way through par 
allel to the axis. The open end was 
covered by means of a hinged cap 
Three small corks glued on the other 
end served as supports (see Figs. 
1 and 2). 

The temperature of the calori 
meter was measured with a double 
copper-constantan thermocouple and 
a portable precision type potentio 
meter. The two measuring junc 
tions of the thermocouple were 
placed inside small glass tubes and 
inserted in holes drilled into the 
calorimeter wall from the bottom 
The reference junctions were kept 
in a thermos bottle filled with 
cracked ice and water. 
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Details of calorimeters 





Fig. 2—The apparatus for determining 
the specific heat of thermal insulation 


The jacket consisted of two spur 
copper cans ol unequal size, pla ( 
one inside the other so as to have a 

in. space between at all points 
except the top The space was I lled 
with water. The two cans were the 


connected across a 110 volt power 
line with a switch in the circuit s 


that the jacket could be heated as 


desired. In order t increase the 
efficiency of the jacket, the outer 
can was surrounded by 2 in. of 
sulation in a still larger container 
The temperature difference be 


tween jacket and calorimeter was 
a differential 


liohet ] 


thermocouple and a spotlight ga 


indicated by means of 


vanometer One junction of th 
couple was placed inside a thin glass 
protection tube and immersed in the 
jacket watet rhe other was i 
dered to the outer surface of t! 
calorimeter 

In determining the specific heat 
a given material, a sample was first 
prepared by compressing it under a 
pressure of about 100,000 Ib per 
square inch so as to form a solid 
pellet. This pellet was then cut 
down to the desired weight (from 2 
to 15 g (grams) depending on the 
material and the temperature | 
which it was to be heated, correlated 
with a calorimeter temperature rise 
of from 4 to 7 F.) The sample was 
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Fig. 4—True specific heat vs. temperature 























Table 2—Constants for the True Specific Heat Equation 
Table 1—Results of All Materials Tested a - 
Cr 1+Bre+cr# 
_MEAN TEMPERATURES Temp 
MATERIAL SPECIFIC Dec Fanr. MATERIAI A B Cc RANGE D 
HEAT# FAMR 
te ts MEAN Lead Slag Wool 0.159 | 0.000136 0 80 to 1050 
, : ~ ‘ eyes = Rock Wool ...| 0.189 | 00000738 0 0000000450 80 to 10% 
Lead slag wool 0 178 88 212 150 Silica Aerogel .| 0.184 | 0.000142 0 80 to 1180 
°- SS 454 286 High temperature block .| 0.174 | 0.000202 ~0 0000000611 | 80 to 105 
0.239 86 1044 565 Glass wool ne 0.182 | 0.000192 0 0000000450 | 80 to LIT 
0.235 86 1350 718 Glass wool with binder. .| 0.159 | 0.000253 0 80 0 
Gl , th bind 4 : 0.196 - ae 150 Vermiculite : 0.171 | 0.000226 0 80 1 
lass Wool (with Dinder) YO ‘ 212 ‘ 5 mer mes IR e ‘ 47) 
0 231 +f 490 ons 85 per cent Magnesia 0.268 | 0 0000533 0 80 47 
Rock wool 0.201 86 212 | 149 
0.212 87 455 | 271 
0.250 87 1063 | 4575 
0.250 &5 1219 | 652 
High temperature block 0.203 86 212 | 149 
0.227 90 490 | 290 
0.263 89 1049 569 
0.269 s4 1336 710 
Silica Aerogel 0 205 82 212 147 Table 3—Specific Heat, Heat Capacity, and Thermal Diffusivity of 
0.222 87 455 271 Various Insulating Materials 
on? na eo ue Mop 
. o74 m4 TW? =. Nore: Density values given are only approximate. This table is intended 
ase ma me 2 a rough comparison and not for a rigorous statement of properties. 
Vermiculite 0 205 85 212 149 — cages panes 
0 236 90 490 290 MEAN Values Between 80 F anp 212 F 
Glass wool 0.210 88 212 150 SPE- we Heat | THERM 
0.233 83 487 285 ciric | Densrry® | Averace | Capac-) Dirt 
0.275 Si 1051 59 MATERIAI Heat | VARIATION) Density) rity! rvil 
0.279 87 1161 624 == ia Me a os ‘s none 
: 2 ~ Expanding paper blanket 0.349 1.6 0.55 0.04 
Corrugated asbestos paper 0 245 82 212 147 Glass wool ) 210 1 5—4 5 3 0 83 00 
: . Silica aerogel 0.205 i* 0 82 00 
Rock wool with asphaltic binder 0.247 85 212 149 Wood fibre blanket 0 330 24 : 0 99 Ot 
, - Rock Wool 0.201 | 2—10° 6* 1.2 o.0 
85 per cent Magnesia 0.276 SS 212 150 Lead slag wool 0.178 4—10* 7° 1.3 0.0 
0.283 8S 470 279 Vermiculite. ... 0.205 | 8—10* 9° 1.8 0.0 
. mene "8 Eee : . Glass wool (binder 0.196 12° 2.3 0.0 
Wood fibre blanket 0.330 85 212 150 Cork board 0.417 s 23 0.0068 
. ; 0 - Hair felt. : 0.334 tpg 3.7 0.00 
Hair felt 0.334 S4 212 148 85 per cent Magnesia 0.276 12—18 15 41 0.008 
- — - Corrugated asbestos paper 0.245 12—22 17 i 2 0.008 
Wood fibre board 0 34! 83 212 148 Rock wool with asphaltic binder 0.247 17 4.2 0.0 
“% caem High temperature block 0.203 1S--2S8 23 47 0.0 
Expanding paper blanket 0.349 S4 "2 148 Wood fibre board 0.341 12—17° 145° 5.0 0.0 
Cork board 0.417 87 212 150 
“Jb/ft® Values are as given by manufacturers, unless specified as fol) 
*From tests conducted in Heat Measurements Laboratory, M.I.T. 
a Average of several runs where more than one was made. Corres- ** HEATING, VENIII ArinGc, AIR ConpiTIontInGc GutpE, 1942, p. 95. 
ponding temperatures are also averages. Specific heat times average density Btu/ft®/F, : 
b Temperatures given to nearest degree. ¢Thermal conductivity divided by heat capacity, Ft®/hr. 
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‘nen covered with metal foil to pre- 
vent loss of material and reweighed 
to determine the amount of foil. 
\luminum foil was used for the low 
temperature runs and platinum foil 
for temperatures above 1100 F. 

The sample was heated and main- 
tained at a known temperature for 
several hours. It was then dropped 
into the calorimeter and the tem- 
perature rise of the latter measured. 

The jacket was kept at very 
nearly the same temperature as the 
calorimeter at all times in order to 
reduce heat losses from the calori- 
meter. The average temperature 
difference during a run on any of 
the materials was only 0.05 F. Heat 
exchange between the two parts was 
further reduced by covering both the 
calorimeter and the inside surface 
of the jacket with aluminum foil. 

Due to the limitations on the size 
of the Samples, it was found neces- 
sary to use two calorimeters; one 
for the low temperature runs (212 
F-500 F) and the other for the 
higher temperatures. The heat ca- 
pacities of the two calorimeters 
were 0.117 Btu/F and 0.380 Btu/F, 
the smaller being made of brass, the 
other of aluminum. 

The calorimeters were calibrated 
with a very small electric heater. 
\fter placing the heater inside the 
calorimeter and making sure that 
the temperature of the apparatus 
stayed constant, current was sup- 
plied for a period of twenty minutes, 
after which the calorimeter was 
allowed to reach equilibrium. Cur- 
rent and potential readings taken at 
one minute-intervals gave the power 
input to the heater. The heat ca- 
pacity of the calorimeter could then 
be calculated from the relation: 

EIt X 3.413 = Ws Cs (tz — th) 


where: E=veltage drop across heater, 


volts 
I]=amiperes through heater, 
= time heater was on, hours, 
IV3sCs = heat capacity of calorimeter 
(W; = weight) 
Cs = specific heat, Btu/F 
1= initial temperature of calo- 
rimeter, F 
t= final temperature of calo- 
rimeter, F 
Corrections for the heat capacity 


of the heater itself were negligible, 
amounting to only 0.0002 Btu/F as 
calculated with specific heat and 


weight data. 
The samples were heated in three 
lifferent furnaces depending on the 


temperature desired. A small steam 


jacket with radiation shield was 
used for heating the sample to 212 
I’, the sample being held in a pyrex 
glass test tube which hung in the 
steam bath. In transferring the 
sample from the steam bath to the 
calorimeter, the test tube was lifted 
over to the calorimeter and inverted, 
care being taken that no water drop 
lets fell into the calorimeter. Due to 
the relatively large heat capacity of 
the test tube, heat losses from the 
sample were negligible during the 
transfer period. The sample was 
exposed to the room for only about 
two seconds as it dropped into the 
calorimeter. The steam temperature 
was calculated from the barometric 
pressure. 

An electrically heated furnace was 
constructed for the 500 F deter- 
minations. This was small enough 
so that it could be lifted directly 
over the calorimeter for dumping 
the sample. 

For temperatures above 500 F a 
larger electrically heated furnace 
was needed. Here again a container 
of relatively large heat capacity held 
the sample while in the furnace and 
during the transfer to the calori 
meter. A porcelain tube sealed at 
one end was used in this case 

In all determinations above 212 F, 
the temperature of the sample in the 
furnace was measured with a 
thermocouple which laid alongside 
the sample. 

The mean specific heat was cal- 
culated from the experimental data 
as follows: 


Ws Ca( tz — th) 
where: W,= weight of sample, grams 
W:=weight of foil, grams 
t; initial temperature of calo- 
rimeter, Fahrenheit 
ts = final temperature of calo 
rimeter, Fahrenheit 
fs temperature of sample in 
furnace, Fahrenheit 
( mean specific heat of sam 
ple between ft; and ? 
C:= mean specific heat of foil 
between fs and ft. 
WC heat capacity of calorim 
eter, Btu/Fahrenheit 


Then solving for C,: 
W 
Ws Cs(t t,) (ts — tz) C 
454 
C 
W; 
(t te) 

154 
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The results for all the materials 


tested are given in Table 1. Fig. 3 
shows these data plotted as mean 
specific heat vs. ts. 

In order to find the variation ot 
true specific heat, Cr, with tempera 
ture, the following relation was as 
sumed : 

Cr —=~A+Biti+CP 
where A, B, and C are constants. 
Considering the heat involved in 


raising one pound of material from 


t 
f 


Or carrving out the integration 


f. tof 


gives: 


‘a 
+2 


If determinations of C, are made 
for three difterent temperature dit 
ferences then appropriate values of 
t,, t. and C, can be substituted 1 
the equation to obtain three simul 
taneous relations and the constant 
A, B, and C determined. 

In several cases the relation b 
tween C, and (¢,-t,) proved to be a 
straight line so that only two equa 
tions were needed. 

The constants found in this way 
are listed in Table 2. Fig. 4 shows 
true specific heat plotted against 
temperature 


Discussion of Results 


Referring to Fig. 3 it is seen that 
above 1050 F the mean specific heat 
of the high temperature block, rock 
wool and lead slag wool change 
markedly. This is due to a chem 
ical change which is further evi 
denced by a decided change in color 
This variation in specific heat is not 
important, however, since only a 
very small layer of the insulation 
would actually reach a temperature 
above 1050 F. 

Since the performance of mate 
rials in unsteady heat flow condi 
tions involves also the density and 
conductivity, a fair comparison is 
not obtained from specific heat data 
alone. As the density of most 
thermal insulating materials is a 
highly variable quantity, it would be 
impossible to rigidly compare their 
heat capacities and thermal dif 
fusivities. 

However, as a matter of interest 
the mean heat capacity values be 
tween 80 and 212 F are listed in 


~s 




















' 
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Table 3 in the order of increasing 
value. Also the corresponding ther- 
mal diffusivities are given. The 
densities and conductivities used 
were obtained from manufacturers’ 
circulars where possible. Otherwise 
values were taken from tests con- 
ducted at the Massachusetts Insti- 
tute of Technology or from the 
HEATING VENTILATING AIR CoNn- 
DITIONING GurpE, 1942. 

Assuming the same thickness of 
material in all cases, Table 3 shows 
that the expanding paper blanket 
insulation will not only require the 
least amount of heat to raise its tem- 
perature from 80 to 212 F but also 
will heat up faster than any of the 
materials tested. Of the inorganic 
insulators tested, glass wool has the 
lowest heat capacity and the highest 
diffusivity. 

Of course in many instances a 
high heat capacity and low diffusiv- 
ity is desired. An annealing fur- 
nace, for instance, might require 
slow cooling if material is left in it 
after being heated to the desired 
temperature. In this case 85 per 
cent magnesia or high temperature 
block insulation might be the best 
choice. 

Allcut* notes several instances in 
Canada where the use of thick insu- 
lation to obtain a large heat capacity 
has been very satisfactory in main- 
taining constant temperatures and 
low fuel costs. 

He cites the example of a hospital 
in Prince Edward Island which 
utilized insulation 10 in. thick and 
required less than half the heating 
capacity of similar hospitals with 
ordinary construction. This saving 
was attributed to the effect of time 
lag in alternately storing and re- 
turning heat from both the heating 
system and solar radiation. 

An instance where several un- 
heated packing sheds and storage 
buildings utilized the effect of heat 
capacity was also mentioned by 
Professor Alleut.. Because of the 


‘Properties of Heat Insulating Materials, by 
E. A. Allcut. (The Engineering Journal, 24 
11 1941, pp. 514-524.) 
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large heat ca- 





Table 4—Mean Specific Heat of Materials Toned 





pacity of the 








l 
| MEAN | Mean Resutts or Tus INvestic 
walls, the “ Sreciric Temp. woe ’ eves “ 

145 Ss we MATERIALS Heat EG MEAN 5S: 
gp have | Faur. MATERIALS ciric Hs 
' onsist- = 8h BR Sn Be aim saiihetanien 
CR COUR Ser wed...,,..---- 0.17 | 77 | Lead slag wool... 0.17 
ently main- Baked cork (slab) 0.43 | 77 Cork board “2 0.417! 

ae Granulated cork@....... | 0 .44e 77 Cork board ; 0.417 
tained at tem- Cork (expanded but not | 
impregnated)>. ; 0.433 sO 91 Cork board..... 0.417 
peratures Natural cork>.......... 0.419 | 124 Cork board..... 0.417 
hoy 30 F Kapok fibre>..... see 0.320 6 
above . oe ere’ ae le a : ...(0.319—0 Sonal | queens weatieters 0.330—0.4 
\ GEES eS 0.2 | Corrugated as- 
even though | ~ bestos paper 0.245 
Glass@..... 0 .14—0 .23 | . Glass wool 0.210 
' 


outdoor tem- 
peratures 


low zero. 

Comparison 
of the specific 
heat values 
with those of 
other observ- 
ers shows good agreement. This 
correlation, however, was possible 
for only a few of the materials be- 
cause of the meager data in the lit- 
erature. 

Since heat insulators are seldom 
pure substances, the small variations 
in values of different observers are 
likely due mainly to slight differ- 
ences in composition. 

In Table 4 are listed values ob- 
tained from different sources along 
with those obtained on similar mate- 
rials during the course of this in- 
vestigation. 


“Ibid, Vol. II, 93. 


*Material contained 3.4 


a 


Precision 


The precision obtained was + 1 
per cent as derived by the following 
considerations : 

The temperature rise of the calorim- 
eter was measured with a double copper- 
constantan thermocouple. Thus, since 
the potentiometer could be read _ to 
+0.001 millivolts, the actual value was 
known to +0.0005 millivolts. Therefore, 
the third decimal place was fixed with 
sufficient accuracy, the temperature rise 
being greater than 0.100 my. (single 
couple). 

The temperature of a sample in the 
furnace was measured with a single cop- 
per-constantan thermocouple at the lower 
temperatures, and a_ single chromel- 
alumel couple above 1000 F. Calibrations 
for both couples were known to well 
within + 1 per cent error. Since the 
couple lay alongside the sample and 


touching it inside the heater, and since 
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_ “Heat Insulators in Food Investigation, Special Report No. 35, National | 
often fall be-_ sical Laboratory, London (1929). 

»Specific Heat of Building and Insulating Materials, by M. Kinoshita 
nal Society of Chemical Industries, London, 36, 1917, 597), 

International Critical Tables, Vol. II, 237 (1927). 


‘Mean temperature 150 F. 
*Temperatures not given. 








per cent moisture. 


sufficient time was given for the w 
to come to equilibrium, there is 
chance for error in the assumption . 
+ 1 per cent accuracy for this meas 
ment. 

The temperature of the stedm 
was known to well within + 1 per 

The time required to transfer a 
ple from furnace to calorimeter was 
two or three seconds. In this short 
terval, the quantity of heat loss w 
negligible. In all runs the sample 
held in a container of relatively la: 
heat capacity, while in the furnace 
until dropped into the calorimeter 
distance through which the sampl 
was only about six inches 

The heat losses from the calorin 
to the surroundings were reduced 
minimum by means of the adiabatic ja 
and aluminum foil as explained p: 
ously. The effect of these losses was fu 
ther reduced by the calibration proced 

Check runs were made on all but 
determinations in which cases the va 
fell on the curve of mean specific 
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vs. fs 

The weight of the samples was meas 
ured to + 1 per cent. } 

The heat capacity of the foil an 
to no more than 4 per cent of that o 
sample plus foil. The value of t! 
quantity could therefore be in error | 
as much as 25 per cent without affecti: 


sonnet 


f 4 


the results. 
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Performance of a Forced Warm-Air 
| Heating System as Affected by Changes 


in Volume and Temperature of Air 


Recirculated 


By A. P. Kratz* and S. Konzo**, Urbana, Hl. 


Introduction 


CONSIDERABLE FLEXIBILITY exists 
in the choice of air volumes and ait 
temperatures to be used in the de- 
sign of a forced warm-air heating 
system. For a given structure, the 
design of the duct system may be 
based on the use of either a large 
volume of air at a relatively low 
register air temperature or a smaller 
volume of air at a higher register 
air temperature. Furthermore, after 
the system is installed, satisfactory 
performance may be obtained even 
though the actual combinations of 
air volumes and register air temper- 
atures encountered deyiate widely 
from those assumed for the design 
of the duct system. 

This flexibility in conditions af- 
fecting both the design and the op 
eration of a forced warm-air heating 
system may be considered as an 
advantageous feature, inasmuch as 
any reasonable deviations in the op- 
erating conditions from those as- 
sumed for the design can be readily 
compensated for by relatively minor 
changes in the plant. On the other 
hand, this extreme flexibility in the 
choice of both design and operating 
conditions has resulted in the de- 
velopment of many rule of thumb 
methods and unconfirmed theories. 

Proper development of any meth- 
od of heating which is undergoing 
continual evolution and improve- 
ments in technique, requires that 
basic facts be substituted for rules 
of thumb. One of the prevailing 
theories of design is that in the case 
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SUMMARY—tThis two-year investigation 
revealed seven significant factors in the 
performance of a forced warm-air heating 
system under stoker operation. The data 
developed will be helpful to the design- 
ing engineer in selecting and checking 
design conditions for a plant, estimating 
the effect on comfort of varying rates of 
air change, intermittent operation, air 
deliveries, duct system and room tem- 
perature gradients. 


of a forced warm-air system in 
stalled in a well insulated structure, 
a certain minimum number of air 
recirculations, commonly referred to 
as air changes, is essential for satis 
factory operation. For the purpose 
of determining whether or not the 
plant performance as affected by in- 
dependently varying the quantity 
and temperature of the air circu- 
lated had an adverse effect on the 
environment produced, several se 
ries of tests were conducted in the 
Warm-Air Research Residence dur 
ing the winter seasons of 1939-1940 
and 1940-1941. In the first season 
the tests were made with the 12 
warm-air registers located in the 
baseboard, and in the second season 
the tests were repeated with the 
same number of warm-air registers 
located in the sidewalls and approxt- 
mately 7 ft above the floor. 

In order to make direct compari- 
sons between the results obtained 
with the various methods of opera- 
tion, only one change at a time was 
made in the items specifically under 
observation; namely, register loca 
tion, air volume, or the setting of 
the bonnet thermostat. 


Description of Research Resi- 


dence and Heating Equipment 


The Research Residence and the 
forced-air heating plant have been 
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completely described in a previous 
publication. The Residence is a 
three-story structure of standard 
frame construction with side walls 
and ceiling fully insulated? with 
mineral wool insulation. The total 
space heated, including a _ sun 
room but not including the base 
ment, amounted to 17,540 cu ft 
All of the 50 windows on the 
three stories of the Residence : 
with the exception of two small 
quarter-round windows in the east 
dormitory, were provided with 
tightly fitting storm sash. The cal 
culated heat losses were approxi 
mately 51,100 Btu per hour at an 
indoor-outdoor temperature differ 
ence of 80 F. The Residence is com 
pletely furnished, and during th 
heating season it was occupied by 
five people. 

The heating plant consisted of a 
cast-iron, circular - radiator warm 
air furnace used in connection with 
a forced-air heating system. The 
furnace was fired by means of a 
coal stoker of the underfeed type. 
The fuel burned was l-in. x 10 
mesh stoker coal, washed and oil 
treated, and was obtained from 
Saline County, III. 

The heating plant was controlled 
by means of a room thermostat op- 
erating to start and stop the stoker 
motor, and to start and stop the 
circulating fan. This room thermo- 
stat was of the heat-anticipating 
type, and was used in conjunction 
with two bonnet thermostats which 
served as high and low limit con- 
trols for the temperature of the 
air in the furnace bonnet. When 

‘University of Illinois, Engineering Exper 
ment Station Bulletin No, 266, by A. P. Kratz 
and S. Konzo, 1934 

*Effect of Insulation of Plant Performance in 
the Research Residence, by A. P. Kratz and 
S. Konzo. (ASHVE Jovrwnat Section, Heat 


ing, Piping and Air Conditioning, May, 1941 
p. 318-824.) 
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Table 1—Sizes of Warm Air Registers Table 2—Summary of Test Series 
: 
| | HiGcu Stack Size SERIES Recister | Arr Votume, | Fan Curt-our 
| BASEBOARD* | SipEwaLt | ABOvE BASEBOARD No. SEASON TION CFM Point, F 

4 Room | Reoristers, | REGISTERS, REGISTER, ——-———. 

I | IncHEs INCHES INCHES 2-39 | 1939-40 | Baseboard 1675 | 125 
a _ _|- —— 4-39 | 1939-40 | Baseboard 1300 =| «(125 
Living...... 12x6 14x5 34x14 5-39 1939-40 | Baseboard 800 } 125 150b 

SR 14x4 14x4b 3Vaxl4 _— |————_——- . 
i 6 Winn taoen | 12x6 12x4 3x12 1—40 1940-41 | High wall 1675 125 

S. Sunroom... 12x10 12x4 34x12 7-40 | 1940-41 | High wall 1300 | «125 

N. Sunroom...... 12x10 12x4 3x12 5-40 1940-41 | High wall 800 |} 125 154» 
Kitchen ......... 14x10 14x4 3Vexl4 -— | ——_--———— | -— ~ ~~ 
E. Bedroom..... . 12x6 12x6 3'/4x12 4-40 | 1940-41 | High wall | 800 137 
S. W. Bedroom.. . 12x6 12x4 34x12 640 1940-41 | High wall | 800 179» 
Sia 10x8 10x4 34x10 3-40" | 1940-41 | High wall 800 137! 
N. W. Bedroom. ‘| 12x10 12x4 34x12 i 

| E. Dormitory... .| 12x10 10x4> 3 x10 rt ol renee teak wy 

| W. Dormitory... 12x10 10x4b 3 x10 « Full register opening resulting in average register air velocity 

| of approximately 290 fpm, whereas all other tests with high wall 








* Description given in University of Illinois, Engineering Experi- 
ment Station Bulletin No. 318, pages 15 and 16. 
» Registers approximately 6 ft above floor, all others 7 ft above 


floor. 


the room thermostat operated to 
start the fan and_ stoker, one 
bonnet thermostat (fan control) 
prevented the fan from starting un- 
less the bonnet temperature was 
above 125 F, except for the series 
of tests in which the bonnet ther- 
mostat settings were changed in or- 
der to determine the effect of vary- 
ing the air temperature. Similarly 
for all tests, except those in which 
the bonnet thermostat settings were 
changed, the other bonnet thermo- 
stat (limit control) prevented the 
stoker from starting unless the bon- 
net temperature was below 150 F. 
Soth the fan control and limit con- 
trol were incorporated in one con- 
tainer and the adjustment of the 
thermostat indicator changed the 


' 

/ setting of both controls simultan- 

. eously. The temperature differen- 
tial between the fan cut-in point and 

| the fan cut-out point was approxi- 

| mately 40 F. 









During the season of 1939-1940 
the 12 warm-air registers in the 
Residence were located in the base- 
board and were of the sizes shown 
in Table 1. The registers were 
equipped with directional vanes and 
directed the air sidewise and paral- 
lel to the floor. Due to the fact that 
the register locations were dictated 
by the location of warm-air stacks 
which had originally been installed 
in the Residence in conformity with 
certain structural features, the ar- 
rangement cannot necessarily be 
considered as the best for each room. 
An improvement in the air distribu- 
tion might have resulted had it been 
possible to use the most favorable 
location of the register in each case, 
but tests to verify such possibilities 
were not considered as within the 
scope of the present investigation. 
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registers were made with 600 fpm register air velocity. 
bMean bonnet air temperature determined by average of max 


imum and minimum values. For the tests with 800 cfm the mea: 


During the season of 1940-1941 a 
stack extension was added to an 
opening in the top of each of the 
baseboard stackheads and a new 
stackhead was located at the top of 
the extension and approximately 7 
ft above the floor. Sidewall regis- 
ters, of the sizes shown in Table 1, 
were installed with the register 
faces flush with the plaster walls. 
The registers directed the air paral- 
lel to the floor with no sidewise de- 
flection. The nearest commercial 
sizes of sidewall registers were se- 
lected, consistent with a register air 
velocity of approximately 600 fpm 
based on a total air recirculation of 
1675 cfm. The sidewall registers 
were considerably smaller than the 
corresponding baseboard registers 
for which the register air velocity 
averaged approximately 300 fpm. 
During the entire series of tests no 
changes were made in the return air 
system, which included grilles in the 
living room, hall, and sun room. 


Method of Conducting Tests 


The average of the air tempera- 
tures in all of the rooms of the 
house was maintained at 72 F at 
the 60-in. level both day and night. 
Observations of weather, indoor 
room air temperatures, room rela- 
tive humidities, and other incidental 
data were made daily at 7:00 a. m., 
11:00 a. m., 4:00 p. m., and 10:00 
p. m. Complete data were obtained 
for each 24-hour test period on the 
fuel consumption, weight of ash and 
clinkers removed, the total inte- 
grated time of operation of the fan 
and of the stoker, the total electrical 
input to the fan and stoker motors, 
and the total number of on-periods 
of both the circulating fan and the 


bonnet temperature is of greater significance than the fan cut 
point as determined from the setting of the bonnet thermostat. 


stoker. Daily observations 
made of the volume of air ci: 
lated, and the filters were clea: 
with sufficient frequency to maint 
the air volume constant. In add 
tion, continuous records of tempe: 
tures, CO,, and the index of sn 
density were obtained for each 24 
hour period. Each day at 11 a 
the clinkers were removed, the fue! 
bed was levelled, and the hoppe: 
was filled with coal. During ex 
tremely mild weather no attentior 
was given to the fuel bed or the coal 
in the hopper, except as required 
every two or three days. By means 
of the balanced check damper, th 
draft in the smoke pipe was maii 
tained at approximately 0.05 in 
water. For each series of tests, < 
were obtained over a wide rang: 
outdoor weather conditions. 

For the series of tests in whic! 
baseboard registers were used, the 
full-sized register openings wer 
maintained with the three quant: 
ties of air circulated, and the regis 
ter air velocities decreased as th 
quantity of air circulated was dé 
creased, varying from a maximum 
of 300 fpm to a minimum of 140 
fpm. On the other hand, the series 
of tests in which high sidewall reg 
isters were used, with the excep 
tion of series 3-40, a registet 
velocity of 600 fpm was maintained 
regardless of the total quantity o! 
air circulated. This was done }) 
first adjusting the dampers in tly 
duct system to obtain the volume of 
air required to heat each room, and 
then adjusting the size of the regis 
ter opening by partially covering 
it with a plate so that a register ai 
velocity of 600 fpm was obtained 
The series of tests run are shown 10 
Table 2. 
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The air delivery of the fan, listed 
in Table 2, was measured by means 
f a Pitot tube, placed in the return 
juct and calibrated in position. For 
the purpose of calibration, prior to 
‘he start of the heating season the 
entrances to the outlet ducts were 
blocked and all of the air delivered 
by the fan was passed through the 
furnace and out of a 15-in. diameter 
calibrating duct connected to the 
outlet side of the furnace casing. 
Twelve-point velocity traverses 
were made at a measuring station 
located in the calibrating duct, and 
the air volumes, as determined by 
the traverse, were correlated with 
the readings of the fixed Pitot tube 
located in the return duct. When 
the calibration was completed, the 
calibrating duct was removed and 
the entrances to the trunk ducts 
were opened in order to make the 
furnace ready for service. By ad- 
justing the fan speed and the posi- 
tion of the dampers on the intake 
side of the fan, air volumes of 1675 
cfm, 1300 cfm, and 800 cim were 
readily obtained. 


were indoor-outdoor 
differences. A curve 


Fig. 1. 
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Fig. 1—Performance of baseboard and sidewall registers with various 
air deliveries 


Temperature difference of 55 F indoor to outdoor bonnet setting 125 F. Stoker- 
fired furnace ; 


Results of Tests 


Variations in Air Volume Deliv 
ered from Baseboard 
(Series 2, 4, 5-39): For each series 
of tests, data were obtained over a 


Registers 


wide range of outdoor weather con 
ditions, and were plotted as points 
on graphs in which the abscissae 
temperature 
was drawn 
through the points representing each 
series of tests, and the values ob- 
tained from the curves at indoor- 
outdoor temperature differences of 
34 F and 55 F were 
typical of average and relatively cold 
winter days respectively. The values 
so obtained have been plotted in 


selected as 


In Fig. 1 the circled points and 
the full line curves show the signifi 
cant results obtained for baseboard 
registers with various air deliveries 
on a day in which the indoor-out 
door temperature difference was 55 
F. The top set of curves, showing 
the maximum and minimum values 
of the bonnet air temperatures, 1n- 


dicate that, 
although 
no change 
was made 
in the set 
ting of the 
bonnet 
thermostat, 
the range 
of bonnet 
air temper 
atures was 
slightly 
higher with 
low air de- 
liveries. 
This may 
be account 
ed for by 
the fact 
that the 
rate of heat 
evolution 
in the fur- 
nace was 
always 
about the 
same, even 
though the 
rate of heat 
transfer 
from the 
furnace 
to the cir- 
culating air 
was slight- 
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ly less with low air deliveries than 
it was when higher air deliveries 
were used. The increase in the 
range of the bonnet air temperatures 


liveries was 


accompanying low air del 
of the order of only 10 F, and hence: 
was not sufficient to result in any 
increases in basement temperatur: 
or fuel consumption, or in any ten 
perature unbalance in the rooms 
The curve designated as calcu 
lated register temperature repre 
sents the register air temperatures 
that would have been used in the 
design of different forced-air svs 
tems for the Research Residenc« 
based on the calculated heat losses 
for the Residence and the various 
air deliveries shown in Fig. 1. I: 
order to offset the heat loss fron 
the rooms, either a large air deli) 
ery accompanied by low register ait 
temperature or a small air delivery 
accompanied by a high register 


air temperature would be used. I: 


this case, in which the Residence 


was insulated, air deliveries of 1675 
cfm, 1300 cfm, and 800 cfm were 
accompanied by design register ait 
temperatures of 94 F, 103 F, and 
131 F, respectively, corresponding 
to calculated mean bonnet air ten 
peratures of 102 F, 115 F, and 
151 F. For the tests shown in Fig 
l the setting of the bonnet thermo 
stat was not changed, and hence 
the actual mean bonnet air tempera 
tures were not adjusted to conform 
to the lower calculated bonnet ait 
temperatures when large air deliv 
eries were used. With the greater 
air deliveries, the calculated mean 
bonnet air temperatures were lower 
than the actual, and hence the total 
time of fan operation was not as 
great as it would have been if de 
sign conditions had been met. In 
this respect the results tended to 
favor to some extent the operation 
with low air deliveries. However, 
satisfactory operation was obtained 
with an air delivery of 1675 cfm, in 
dicating the flexibility of the plant 
even under conditions when the 
operating air temperature deviated 
from the design air temperature. 
The total time of fan operation 
per day, as indicated in the second 
set of curves from the top of Fig. 1, 
was approximately twice as great for 
800 cim delivery as it was for 1675 
cfm delivery. However, the elec 
trical input to the fan, expressed in 
terms of watt-hours per day, was 
slightly less for the lower air de 
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livery. Hence reducing the speed 
of the fan resulted in an increase in 
operating time with no increase in 
electrical input. 

The circulation of 1675 cim dur- 
ing the on-period operation of the 
fan was equivalent to 5.73 recircu- 
lations per hour. If no circulation 
was assumed to occur during the 
off-periods of the fan, a weighted 
average value for both on-periods 
and off-periods of 1.75 recircula- 
tions per hour was obtained. Cor- 
responding values for 800 cfm air 
delivery were 2.74 recirculations per 
hour for on-period fan operation 
alone and 1.75 recirculations per 
hour for the weighted average of 
on-periods and off-periods. Hence, 
the average air recirculation per 
hour remained constant over a very 
wide range of air deliveries by the 
fan, while the on-period delivery in- 
creased from 2.74 to 5.73 recircu- 
lations per hour. 

Comfort conditions in the room 
are improved by any decrease either 
in the length of off-periods of the 
fan or in the temperature difference 
between the floor and the breathing 
level. The lower two sets of cufves 
in Fig. 1 show that an air delivery 
of 800 cfm resulted in shorter off- 
periods for the fan, but in a slightly 
larger temperature differential than 
those occurring with an air delivery 
of 1675 cfm. The temperature dif- 
ferences shown are the averages for 
10 rooms in the Residence, includ- 
ing the relatively large differences 
obtained in the sun room and the 
two dormitories. If the open areas 
of the baseboard registers had been 
reduced as the air deliveries were 
lowered, so that a constant register 
velocity was maintained irrespective 
of the fan delivery, it is possible that 
the floor temperatures would not 
have decreased to the extent shown. 
In any case, the differences obtained 
in the length of off-periods and in 
the temperature differential were 
not of great significance. 

Variations in Air Volume Deliv- 
ered from High Sidewall Registers 
(Series 1, 5, 7-40): The points in- 
dicated by crosses and the broken 
line curves in Fig. 1 show the re- 
sults obtained with high sidewall 
registers. The points shown on the 
four upper sets of curves indicate 
that no distinction could be made 
between the results obtained with 
the baseboard and the high sidewall 
registers. With both register loca- 





tions, lower air deliveries resulted 
in longer time of fan operation per 
day, the same average number of 
air recirculations per hour, and in 
shorter lengths of off-periods of the 
fan as compared with the corre- 
sponding results for higher air deliv- 
eries. 

The lower set of curves indicates 
that with the high sidewall regis- 
ters the floor temperature was not 
affected by the quantity of air de- 
livered when the velocity of the air 
leaving the registers remained con- 
stant at approximately 600 fpm. A 
comparison of the floor and ceiling 
temperatures obtained with the two 
register locations shows that the 
floor was about 1.0 F warmer and 
the ceiling about 2.0 F cooler when 
the baseboard registers were used 
than they were with the high side- 
wall registers. The differences are 
not material. If large sized regis- 
ters are used in connection with low 
air volumes, resulting in low regis- 
ter air velocities, higher ceiling 
temperatures than those shown in 
Fig. 1, without material changes in 
floor temperature might be antici- 
pated. This is further discussed in 
the section on Changes in Bonnet 
Air Temperature. In this connec- 
tion it is worthy of note that the 
use of high sidewall registers per- 
mits the employment of high regis- 
ter velocities and low register air 
temperatures without resulting 
drafts in the living zone, and the 
use of small registers that do not 
interfere with furniture placement. 

Based on the results shown in 
Fig. 1 for both the baseboard and 
high sidewall registers it may be 
concluded that the number of air 
recirculations per hour had no im- 
mediate bearing upon either the suc- 
cessful operation of the plant or the 
comfort conditions produced when 
the bonnet thermostat 
was set to give a constant 
register air temperature 
of approximately 120 F. 


No data were obtained to ee 


at the floor level could be an: 
pated. The results shown in F;j 
further indicate that, under 
usual conditions of design for ji: 
mittently operated plants and \ 
reasonably good building const; 
tion, a register air temperatur 
between 110 and 140 F may x 
lected and the required air vol 

be determined from this tempera’ 
and the heat losses from the st; 
ture with reasonable assurance | 
the plant will operate satisfacto: 

It is of course possible that in 
case of poor construction in a se\ 
climate a register air temperat 
greater than 140 F must be used in 
order not to exceed seven or eig 
air recirculations with the resulting 
difficulties from drafts. 

The only feasible argument 
the continued use of the arbitrary 
rule that a minimum of five on 
air recirculations per hour must 
provided is that in some measuré 
tends to compensate for the gene: 
tendency to underestimate the pres 
sure losses in the duct system and 
through the furnace casing. |: 
other words in the case of a desigi 
based on a number of air recircula 
tions per hour as small as three, the 
reduced air delivery resulting fro 
greatly underestimated pressur: 
losses would probably be more seri 
ous than a similar reduction brought 
about by underestimated pressure 
losses in the case of a system ci 
signed with a comparatively larg: 
number of air recirculations. Rules 
of this nature are but temporary) 
expedients since a deliberate over 
estimation of air volumes is not the 
best solution for an underestima 
tion of pressure losses. The solu 
tion of the problem lies first 
establishing a uniform method oi! 
rating furnace-fan units such that 
the air delivery of the unit is stated 


Table 3—Register Opening Areas 
(Actual and Calculated, for 800 cfm Air Delivery) 
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CFM REGISTER AREAS, SQUARE INCH! 
demonstrate the result of auricles > —2 
operating the plant with LaTeD | CaLtcuLatep| Acruat | Dirrer! 
a lower setting of the Living...... 44 34.6 9.6 —25 
Mab. cccscs 0 y 4 a 
bonnet thermostat to ob- Dining........ 6 8.6 6.0 2 
° . S. Sunroom 82 19.7 18.5 1.2 
tain more nearly continu- N.Sunroom....| 82 | 19:7 | 25.2 + 5 
‘smm ot .—s,—sd*wRREDGB. 0c coe | 3.8 18.9 tr ol 
ous fan operation at B. Bedroom — | 24 5 | 33 5 
: H veri S. W. room M4 1 Ba > oe 
— ve egg Fan Bath... — | 13 | 32 | 2 4 ey 
> s N. W. room} fi 6 | 228 + 62 
under these conditions S Desmibery. | 1). wee” es a 
only slightly lower tem- W.Dormitory..| 50 | 120 | 129 | +09 
peratures at the ceiling | 192.1 187.0 | =1.3: 


and higher temperatures 
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Fig. 2—Typical register openings used with low air volume delivery 


in connection with the external pres- 
sure loss of the connected duct sys- 
tem, and second in making accurate 
calculations of the pressure losses in 
the duct system. From the results 
obtained it is also apparent that the 
use of a large sized fan operated at 
slow speeds will not only provide 
quiet operation but will also result 
in short off-periods, and compara- 
tively long time of operation with 
no increase in electrical input. 
Fundamentally, the success of the 
two-speed fan in the field has been 
due to the application of this prin- 
ciple. 

Small Warm-Air Registers at 
High Sidewall Location: Small air 
volumes accompanied by high regis- 
ter velocities result in small sized 
register openings. By calculation it 
is evident that 800 cfm delivery ac- 
companied by 600 fpm_ register 
velocity requires a total register 

800 
opening of —— or 1.33 sq ft, which 
600 


is equivalent to a square opening 


13.9 in. on each side. Photographs 
of four register openings actually 
used in the Research Residence for 
the series of tests in which 800 cfm 
of air was circulated are shown in 
Fig. 2. In many cases the size of 
these openings was noticeably small. 
The calculated and actual register 
openings for the warm-air registers 
are presented in Table 3. Of the 12 
registers used, 6 had actual openings 
of less than 15 sq in. in area, and 
the remainder had openings of be 
tween 18 and 25 sq in. in area. 

A comparison of the calculated 
and actual register openings, as 
listed in Table 3, shows that the 
greatest discrepancies were obtained 
in the cases of the living room and 
bathroom. In the latter case, a con- 
siderable quantity of warm air was 
escaping from the bathroom into the 
central hall, with the result that it 
was necessary to supply more air 
than that required to heat the bath- 
room. In the case of the living 
room the actual opening was only 
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about 28 per cent of the calculat 
requirement, indicating either that 
the heat losses were greatly ove: 

estimated or that the room was ré 

ceiving heat from sources other 
than that supplied by the air leaving 
the warm air register. The latter is 
the most probable explanation since 
the room was located over the fur 

nace and the smoke pipe. In addi 

tion, four of the studding spaces on 
the inside wall contained warm ai! 
stacks, and the outside wall had an 
adjacent warm chimney. The aver 

age temperature shown by two thet 

mometers located in the joist spaces 
under the living room was about 
77 F, whereas the air temperature 
in the center of the basement at the 
60-in. level was only 66 F. For all 
practical purposes, the living room 
was heated by a panel heating sys 
tem consisting of a warm floor and 
a warm wall. The southwest and 
east bedroc.ns were also exposed to 
two warm studding spaces, whereas 
the kitchen and sun room were ex 
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Stack size (4°34 a«* 3” 
Stack velocity! 280 fpm. | 600 fpm. 
Duct size 6"«* 38" a" 
Duct velocity | 270 fpm. | 600 fpm. 
WA Duct /oss Q10in O42 in. 
Return duct /oss 210 in. QA1l0in 
Furnace press. 2.15 in. 0.15 in. 
Tota! SP on fan Q235in 0.67in.*+ 











Fig. 3—Example showing pressures in 
high velocity duct system 


posed to relatively cool sub-floor 
temperatures, accounting to some 
extent for the discrepancies shown 
in Table 3. 

The use of small registers in the 
case of well insulated structures 
does not necessarily imply that the 
stack and branch ducts can be in- 
stalled with cross-sectional areas as 
small as those of the register open- 
ings. In the example shown in Fig. 
3 it is assumed that the heat loss 
for a room is 6,000 Btu per hour 
and the connected duct has an actual 
length of 62 ft and an equivalent 
length of 250 ft. Under these condi- 
tions the register size, based on a 
delivery of 90 cim and a register 
velocity of 600 fpm, would be 8 in. 
x 4 in. If it is assumed that the total 
loss in pressure for the entire warm 
air duct is to be 0.10 in. and the 
pressure loss method of calculation 
as given in the Technical Code of 
the National Warm Air Heating 
and Air Conditioning Association is 
used, the stack and duct sizes would 
be 14 in. x 3% in. and 6 in. x 8 in. 
respectively, both of which are prac- 
tically fifty per cent greater in cross- 
sectional area than the 8-in. x 4-in. 
register. 

If the velocity method of duct de- 
sign is used, and a duct velocity of 
600 fpm is assumed, the duct and 
stack sizes would be only 8 in. x 3 
in., but the total loss in pressure on 
the warm-air side alone would be 
approximately 0.42 in., or 4.2 times 
that based on the pressure loss 
method. The minimum pressure 
loss for the entire duct system, in- 
cluding losses in furnace casing and 
return duct, would therefore be not 
less than, and probably greater than, 
0.67 in. for the velocity method of 
design, and only about 0.35 in. for 
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the pressure loss method. The-fans 
required in the two cases would be 
radically different in size and per- 
formance characteristics. In fact, a 
fan required to deliver 800 cfm 
against a static pressure in excess 
of 0.67 in. would probably be far 
different from the fans now in com- 
mon use for forced-air furnace units. 
In general, therefore, although the 
use of small duct systems in con- 
nection with low volume, high 
velocity registers is feasible, such 
systems must be properly designed 
with adequate attention given to ac- 
curate calculation of the pressure 
losses. Arbitrary methods of duct 
design such as those represented by 
the velocity method should not be 
used unless the pressure losses in 
the duct system are also accurately 
calculated, or unless fans having the 
necessary characteristics are pro- 
vided. 

Changes in Bonnet Air Tempera- 
tures (Series 4, 5, 6-40): The sig- 
nificant results obtained from the 
series of tests made with three dif- 
ferent settings 
of the bonnet 


perature differences of 34 F and 5 
F respectively. The temperatu 
differences between ceiling a 
breathing level, and between breat 
ing level and floor are sho 
by the top set of curves. Red 
ing the bonnet temperature by lo 
ering the setting of the bonnet th. 
mostat tended to slightly lower | 
ceiling temperatures but had no a 
preciable effect on the floor t 
peratures. No data were obtai: 
with different bonnet air tempe: 
tures used in connection with hig! 
air deliveries, but Fig. 4 indica: 
that only slight increases in 
temperature of the floor and 
creases in the temperature at 
ceiling could have been made by | 
erating the plant with lower bonn 
air temperatures accompanying 
higher air deliveries. 


One series of tests (3-40) was 


conducted at the low air delivery 
800 cfm for which the original si 
of the register was retained, thu 
resulting in a register air veloci 
of approximately 290 fpm instead . 


fn-Out. Diff E600fpm. 290f pm reg ve 
55°F x a 
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Fig. 4—Performance of sidewall registers with various bonnet i: 


800 cfm delivery, stoker-fired furnace 
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00 fpm. The results are shown by 
he triangles and solid circles in 

ig. 4. The only noticeable effect 
vith the comparatively low bonnet 
hermostat setting was an increase 

the temperature of the air at the 
eiling. 

Although the effect of reduced 
setting of the bonnet thermostat on 
the room temperature gradients was 
small, in other respects the most 
satisfactory operation was obtained 
with the lower values of the bonnet 
air temperature. 

As shown by Fig. 4, reducing the 
bonnet temperature resulted in a 
longer total time of fan operation 
per day, a larger average air recir- 
culation, and much shorter off- 
periods. In fact the setting of the 
bonnet thermostat can be so reduced 
as to produce practically continuous 
fan operation even on days in which 
the outdoor temperature is not ex- 
treme. With such reduced settings 
of the upper limit of the bonnet 
thermostat, above which tempera- 
ture the fan would operate, if the 
limit thermostat for the stoker or 
burner were set at a temperature 
high enough to take care of extreme 
weather conditions, the operating 
bonnet air temperature would be au 
tomatically proportioned to the 
heating demands of the structure. 
That is, in very cold weather the 
operating bonnet air temperature 
would automatically rise higher than 
the temperature indicated by the 
upper limit of the bonnet thermo- 
stat setting, with the net result that 
the heat output would be adequate. 
On the other hand, if the bonnet 
thermostat setting had been in- 
creased to a very high value, the 
plant would have tended to operate 
entirely under gravity air circula- 
tion. With a high setting of the 
bonnet thermostat and a given ad- 
justment of the duct dampers the 
temperature balance between rooms 
over a wide range of outdoor tem- 
peratures was not as satisfactory as 
that obtained with a similar adjust- 
ment in the case of lower settings 
of the bonnet thermostat. Higher 
bonnet settings, particularly for a 
solid fuel plant in which some heat 
liberation occurs during the off- 
periods of the stoker, result to some 
extent in uncontrolled gravity cir- 
culation of the air during the off- 
seriods of the fan and thus tend to 
produce inequalities in the tempera- 
ure distribution between rooms. 


As shown by Fig. 4, the highes 
settings of the bonnet thermostat 


were also accompanied by greater 
coal consumption on a given day. 
The increase in coal consumption 
could be largely accounted for by an 
increase in the heat losses from the 
basement resulting from higher base 
ment temperature and by an increase 
in the flue losses accompanying 
higher flue gas temperatures. The 
latter was particularly true during 
the off-periods of the stoker. 

From the standpoint of low tem 
perature difference from floor to 
ceiling, long total time of operation 
of the fan, shorter lengths of off- 
periods, and lower fuel consumption, 
the most favorable results were ob- 
tained with the lower settings of 
the bonnet thermostat. In this con 
nection it should be noted that 
when lower bonnet air temperatures 
are used the actual operation of the 
plant more nearly approaches that 
with continuous operation of the fan, 
thus approximating the conditions 
assumed for design. Furthermore, 
the amount of dampering required 
in the duct system to take care of 
variations in outdoor temperature 
will be dependent upon the range of 
bonnet air temperatures maintained, 
and should be the least with low 
ranges of bonnet air temperatures 
Lower bonnet air temperatures can 
be used in conjunction with high 
sidewall or ceiling registers than 
with baseboard registers. The low 
est allowable limit of the bonnet air 
temperature is dependent upon the 
lowest register air temperature tol 
erable without resulting in objec 
tionable drafts in the rooms 


Summary 


The results of these tests may be 
summarized as follows: 


1. The forced-air heating system 
proved to be very flexible insofar as its 
adequacy to heat the Residence with au 
volumes and register air temperatures 
deviating from those selected for the de- 


sign of the plant was concerned. 


2. At a bonnet air temperature of ap- 
proximately 150 F and with a register 
air velocity of approximately 600 fpm, 
the variations in the fan delivery equiva- 
lent to from three to six air recircula- 
tions per hour had no immediate bearing 
upon either the successful operation of 
the plant or the comfort conditions pro- 
duced. 


3. With intermittent operation of the 
heating plant at an approximately con- 
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Stant bonnet ill temperatur lt c 


the fan delivery varied from thre 

Six air recirculations per hour, the ave 

age air recirculations per hour includir 

woth the on-periods and 

mained constant ; 
1. The use of aseboa! cg : 

sulted in floor temperatures appro» : 

mately 1.0 F warmer and ceiling ter 

peratures approximately 2.0 F co 

than those obtained with high sidewa 

registers. The use of high sidewall ri 


isters permitted the employment 
register velocities and low registe: 
temperatures without resulting draft 


the living zone 


rhe use of high sidewal | 

in connection with low air volumes a1 
high register air velocities permitted t 
employment of registers smaller 1 
those usually observed in common 
tice. 

6. The use of an excessivel 

luct system in connectior 
registers cannot be justified unless 
curate calculations of the anticipat 


‘ 
ressure tosses are mace 


7. From the standpoint of | ter ' 
perature difference between floor to ceil ; 
ing, long total time of operation of t 
tan, shorter lengths of T-per Is i 


lower fuel consumption, the most fa 
| , ° ‘ ‘ 
able results were obtained with the 


settings the bonnet thermostat : 
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Introduction 


RECOGNIZING THE need for greater 
uniformity in reporting the measure- 
ment of the physical properties of a 
thermal environment, this commit- 
tee has prepared this tentative out- 
line of testing procedure for the 
items involved. The four basic 
physical properties of the thermal 
environment are: relative humidity, 
ambient air temperature, air move- 
ment and mean radiant tempera- 
ture. 

This outline is intended for the 
guidance of research laboratory 
workers in this field and is not to 
be construed as a standard with 
which the industry is expected to 
comply. It is an outline for assist- 
ance and not a standard for enforce- 
ment. In the discussion, generally 
a definition will be given in terms of 
an ideal method of measurement, 
followed by practical means of 
measurement. As detailed knowl- 
edge ‘is gained, additions and 
changes are in order. The commit- 
tee wishes to encourage the develop- 
ment of basic measurements on the 
part of investigators who are work- 
ing on fundamental research in this 
field and it does not wish to stand- 
ardize on any definite procedure at 
the present time. 


Relative Humidity 


There are various ways of meas- 
uring the water vapor present in at- 
mospheric air. A common and ac- 
curate method is to measure the 
wet- and dry-bulb temperatures by 
a sling psychrometer or an aspirat- 
ing psychrometer. The velocity past 
the wet-bulb wick should be about 
1000 fpm. Determination of rela- 
tive humidity and other properties 
may be obtained by use of a formula 
or by chart. The latter usually ap- 
plies to only one barometric pres- 
sure, whereas the formula usually 
allows for variations in pressure. 
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The amount of water vapor may 
be determined by measuring the 
dew-point temperature, which may 
be done by observing the appearance 
of a slight fog on a highly polished 
surface whose temperature is also 
measured. The lowering of temper- 
ature may be secured by vaporizing 
a volatile fluid or by the expansion 
of a vapor such as carbon dioxide. 
Care must be taken to obtain the 
surface temperature where the vapor 
condenses, rather than that of the 
fluid. The conductivity over a glass 
surface between electrodes has also 
been used. When moisture con- 
denses, the conductivity greatly in- 
creases. The increase may be read 
on a suitable instrument with simul- 
taneous measurement of the glass 
surface temperature. 

Moisture may be removed by 
chemical drying and the amount de- 
termined by analytical weighing. 
This method requires considerable 
apparatus and care, so is not recom- 
mended for general use. 

The hygroscopic properties of ma- 
terial may be used for moisture de- 
termination. The change in length 
of hair with variations in moisture 
content of atmospheric air is often 
used. This method is not to be rec- 
ommended for careful work, without 
frequent calibrations at various 
moisture contents and ambient tem- 
peratures. 


Ambient Air Temperature 


Definition: The ambient air tem- 
perature of an environment is the 
equilibrium temperature reached by 
an ideal thermometer with zero radi- 
ation emissivity i.e., with perfect re- 
flectivity, and of negligible thermal 
capacity in order to reach equili- 
brium in a short time. 

In practice, all thermometric 
measuring devices, whether thermo- 
couples, mercury or gas thermom- 
eters, are not perfect reflectors and 
have various degrees of thermal ca- 





pacity. In any practical th 
metric procedure, either the rel 
thermal capacity of the measu 
device to the environment is redu 
or the relative temperature resp 
to radiation is reduced in relati: 
its response to convected heat 
both. Locations of thermom« 
should be stated, and one at th 
in. level should be included. \\ 





gradients are important it is 
gested that observations be ma 








a series of levels. The methods ¢ 





erally used to measure ambient 
temperature and precautions 
observed are listed herewith: 

1. Aspirating Thermometer: || 
general design and requirement 
are: 

a. As much as possible of the aspi 
air should pass over the sensitive bul! 
the thermometer without introduci 
pansive cooling of the air itself 

b. The bore and bulb size of th 
mometer should be so chosen that 
response to the air stream is possil 

c. The bulb of the thermomete 
be reasonably well shielded from any 
side radiation. 

A certain length of time is requit 
reach equilibrium depending upon des 
factors such as, the rate of aspiration 
size of bulb and the original differ 
between the temperature of the 
ment and of the air. Sufficient time 
be allowed to reach equilibrium, genet 
noted by taking successive readings wi! 
the difference between one and the next | 
approaching zero. Experience will it y 
cate a certain time interval to allow 
tween observing near equilibrium and | 
observing of the final reading. 

2. Aspirating Thermocouf 
With a thermocouple in place of the 
glass thermometer : 

a. A smaller volume of aspirated ai 
necessary than with a thermometer si! 
the thermal capacity of a couple 


smaller, 

b. No particular precautions are ne 
sary in the design and size of a cou 
when proper shielding from direct rad 
tion is possible. However, fine bri 
wire with a small junction surrounded 
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. polished metal shield is not difficult to 


se and is on the side of safety. 


3. Shielded Thermometer: 

a. The shield should be a polished metal 
vlinder open at both ends for free cir- 
ulation; copper and aluminum are satis- 
actory. 

b. A height of cylinder equal to its 
ameter is usually satisfactory. The di- 
»meter should not be made too small so 
.s to interfere with free air circulation. 

c. The sensitive part of the thermom- 
eter should not see radiant heat sources 
In some cases a longer shield is justifi 
ble to eliminate radiant effects and at the 
same time the diameter might be in 
creased sO as not to interfere with air 
circulation. Another expedient would be 
to place the axis of the thermometer other 
than in a vertical position where locations 
of radiant sources make this advisable. 

d. In locations near intense radiant 
sources multiple shields of concentric cyl- 
inders might be necessary to eliminate 
radiant effect. 

e. The thermometer should be selected 
for the immediate range to be measured. 

4. Shielded Thermocouple: In ad- 
dition to the items previously men 
tioned, when a thermocouple is used, 
the time response may be expedited 
by making it of small wire ; down to 
as small as No. 36 has been found 
satisfactory. The use of small wire 
is in the direction of guarding 
against radiant effects 

5. Free Thermocouple: For lo- 
cations where radiant sources are 
neither near nor too strong, a free 
thermocouple gives reliable ambient 
air temperatures when properly 
made. 

a. The thermocouple wire should not 
be larger than No. 30 and might well be 
as small as No. 36. 

b. Silver solder or soft solder may be 
used for the junction, although the former 
tends to make an enlarged bulb which in 
creases radiant effect. Welding, when 
skillfully done gives a smaller junction. 
This can be done in a carbon are or with 
low voltage current and an oil covered 
mercury bath. 

c. The junction should be cleaned and 
polished. Copper constantan acquires and 
maintains a good polish and is satisfac 
tory in other ways. 

d. At times the junction is flattened 
into a thin ribbon and trimmed to reduce 
thermal capacity and increase rate of re- 
sponse by increased exposed area in rela 
tion to its volume. This is usually not 
idvisable when the small wire sizes are 
ised. The response of the small wire is 
last and the relationship between radia 
tion and convection pick-up is favorable 
to the cylindrical wire. As wire size de- 
creases the convection effect increases and 
the radiant effect decreases, so it is pos- 
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sible to have a small well-made free ther- 
mocouple give a more accurate ambient 
temperature observation than does a large 
dull surfaced thermocouple in a shield of 
poor design or construction. Where slow 
response is desired to obtain a mean valu 
a thermocouple may be buried in metal, 
conveniently of spherical or spheroid 
shape with a highly polished surface, but 
would be subject to error if radiant 
sources are near. In all thermocouple 
work it is necessary to have indicating o1 
recording instruments that permit the ac 
curacy required. 

6. Sling Thermometer: This type 
is similar to the aspirating thermom 
eter since it increases convection by 
increased air circulation. The neat 
ness of the person using it may 
cause radiation effects especially in 
the process of stopping to read 
Oftentimes the sling thermometer is 
used in conjunction with a wet-bulb 
thermometer, in which case care 
must be taken to keep moisture 
from the dry-bulb. 

Each of the described methods for 
obtaining ambient air temperature 
has merits and limitations. These 
must be kept in mind in relation to 
the particular location involved 


Air Movement 


The air movement mentioned in 
this report is that associated with 
confined spaces for human occu 
pancy. In general, the velocities do 
not exceed 150 fpm in regions of 
occupancy and usually range from 
100 fpm down toward a minimum 
of about 10 to 25 fpm. The higher 
velocities usually exist in rooms 
when air is supplied to the room by 
mechanical means and the lower ve 
locities where convection currents 
are established by heating or cool 
ing units or surfaces in the room. 

The motion of such air masses is 
Although 


the main transport may be in a cer 


largely non-directional. 


tain direction, any one small part of 
the air mass is travelling in a con 
tinuously varying path. For pur 
poses of defining the thermal 
environment, this non-directional, 
rather than uni-directional move- 
ment, is the important item in veloc- 
ity. 

Some of the instruments for meas 
uring low velocity non-linear ait 
movements are: 

1. The Kata Thermometer: This 
anemometer uses the time in sec 
onds to cool a liquid in glass be- 
tween two fixed temperatures. It is 
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made in two ranges, termed the low 
temperature for temperatures below 
about 85 F and the high tempera 
ture for higher ambient tempera- 
tures. Cooling of the liquid takes 


] 


place by radiation and convection 


currents due to the instrument b 

ing warmer than its surroundings 

and by air movement from external 
} 


sources. In some cases the bul 


\ is 
silvered to reduce th radiatiol 
effect, which calls for a different 
calibration from that for the p 
bulb. Due to the disturbance: 
convection currents, all of the « 
ing by air movement is not 
the air current to be measured he 
instrument is affected by directi 
of the air movement, as for instance 
near a wall where the movem« 
may be upward or downward. Wit 
upward movement the convectior 
current 1s additive and with dow1 


ward movement this current is sub 


tractive; consequently the Kata 
would show higher than the true 
velocity in the upward current and 


less with the downward current. As 
usually made, the bulb is 
which is in the direction of more « 
turbance when used near radiant 
surfaces When the difference be- 
tween the ambient temperature 


mean temperature of the Kata 


greatest, the convection effect is th 
greatest For exactness, individual 


calibrations should be availablk 

take care of various radiant energ\ 
situations, various mean tempera 
ture differences and general drifts of 
air mass such as vertically upward, 
downward or horizontal. The rate 
of response is slow, especially at lov 
temperature differences and low 
velocities. The determination is a 


mean value for the time involved 


which may be from a few seconds to 
instrument 


finds considerable use and has a 


many minutes The 


lower limit under certain conditions 
of about 25 fpm 

2. The Heated Liquid in Glass 
Thermomete The difference 1 
temperature between the tempera 
ture of a mercury thermometer wit! 
a bulb heated by electrical resistance: 
and a thermometer with a plain bulb 
is used to measure air movement 
By using a low temperature differ 
ence, the disturbance of convection 
currents is kept at a low level and 
the instrument is fairly omnidirec 
tional. Because of the mass of ma 
terial involved in the sensitive ele 
ment, the response is slow and the 
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reading is a mean over a consider- 
able period of time. With proper 
selection of mass and temperature 
difference, the range of air move- 
ments usually encountered in ther- 
mal environments can be covered, 

3. The Hot-Wire Anemometer: 
This classification is intended to in- 
clude the thermocouple anemometer 
as well as the hot-wire anemometer. 
The principle is to pass a current 
through a small resistance wire in 
free space and to measure the effect 
of air movement on its temperature 
by change in resistance with a po- 
tentiometer or with a thermocouple. 
There are many variations of this 
type, eaclr with its own characteris- 
tics as to such items as rate of re- 
sponse, range with good accuracy 
and sensitiveness to directional air 
movements. A single straight wire 
is most sensitive normal to its 
length, so for non-directional meas- 
urement three mutually perpendicu- 
lar wires are often used. By mak- 
ing the heated wire very small in 
diameter, the time response can be 
made very rapid so that minute fluc- 
tuations can be observed. However, 
a slower rate of response is desir- 
able so that a mean value is ob- 
tained directly and this slower re- 
sponse may be secured by using a 
larger size of wire. A reasonable 
rate of response would appear to 
give a mean reading in the range of 
one to ten seconds. 

All of these instruments for meas- 
uring air movement operate on the 
basic principle of the cooling of a 
heated element in the air stream. 
Choice of an instrument should de- 
pend on such items as, the determi- 
nation of a mean value which is as- 
sociated with a reasonable speed of 
response, ease and accuracy of cali- 
bration, ease of manipulation and 
non-directional response. 


Calibration of Anemometer 


For sake of agreement a common 
method of calibration should be fol- 
lowed, for it is essential that the 
method of calibration be standard- 
ized in order that test results be 
comparable. Considerable work has 
heen done on the development of 
wind tunnels for low velocity instru- 
ment calibration. Essentially the ar- 
rangement consists of an entrance 
cone followed by a transparent duct 
section in which the instrument ele- 
ment is placed. From this section 
the air passes through a duct section 
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with a rounded-approach nozzle for 
the purpose of flow measurement. 
Motive power for drawing the air 
through the tunnel or duct is by an 
electrically driven fan. The purpose 
of the entrance cone is to insure uni- 
form flow across the instrument sec- 
tion. The nozzle must be made to 
careful standards for which the co- 
efficients of discharge at various vol- 
umes are known or else receive ac- 
curate calibration. The duct and 
flow nozzle size must be chosen with 
regard to the velocity range for 
which the instrument is to be cali- 
brated. The fan must have a 
capacity to draw through the re- 
quired amount of air against the 
resistance of the tunnel system, of 
which the drop through the nozzle 
will likely be a large part. The wind 
tunnel appears to have the most 
promise for low-velocity meter cali- 
bration. 

As experience is gained, perhaps 
other methods of calibrating will be 
proven to be equally reliable. The 
whirling arm may prove to be 
adaptable to this use and the dis- 
placement gas tank or gasometer 
has possibilities. Air in free space 
has a non-linear motion that varies 
widely, depending upon the forces 
acting upon it. The use of the 
wind tunnel is an attempt to sup- 
press non-linear motion and make 
linear motion predominant. Various 
types of instruments have different 
rates of response, and thus are af- 
fected differently by non-linear air 
currents. For this reason it is not 
to be expected that a Kata-ther- 
mometer anemometer and a_hot- 
wire anemometer, properly cali- 
brated in the wind tunnel, will give 
equal readings under turbulent con- 
ditions as encountered in free space 
under heating or cooling conditions. 
For complete uniformity of results 
the type of instrument, the method 
of calibration, and the exact details 
such as the type of hot-wire ane- 
mometer and the size and arrange- 
ment of elements should be specified. 


Mean Radiant Temperature 


Definition: The mean radiant 
temperature of an environment is 
the temperature of a uniform en- 
closure with which one’s body would 
exchange the same amount of en- 
ergy by radiation as in the actual 
environment. 

This definition, although ade- 
quate, does not convey fully the real 





significance of mean radiant | 
perature which may be dedu 
from the Stefan Radiation Lay 
its most general form. For two 
faces at temperature 7, and 
F absolute, the heat exchang: 
given by: 


Fiano Teq* 
R=0.172 A [( ) — (— | 
100 100 


where 
R = the net rate of heat exc! 
Btu per hour. 
A =area of one of the tw 
faces, square feet. 
Fy, =a factor allowing fo: 


average — angle with 
one suriace sees the 
and is obviously dep 
on which surface is us: 
the term A. 
Fy =a factor allowing for de; 
ure of the two surfaces f; 
complete blackness and 
function of P; and Ps, the 
spective emissivity ol 
two surtaces. 
For purposes of analysis, if one a 
sumes the object receiving or emit 
ting radiation is either a man, the: 
mo-integrator, globe thermometer 
or any solid object with unifon 
surface temperature, Ts, and emis 
sivity, P, and if this cbject is losing 
radiation to an enclosure with blac! 
body walls but with two different 
surface temperatures, Tw’ and 7 
with subtended angle factors /',’ 
and F,” at the receiving obj 
Equation (1) reduces to: 
R = 0,172 10° AP[Fy (Ts* 
+ Fav (Ts*— Tw) ] 


But by definition for mean radiant 
temperature, Tw, 

R= 0.172 X 10° A X P(Ts*‘ Tw') 
Comparing (2) and (3): 

Fy + Fav = unity, .. 


and 
Tw = Fy:Tw4 aaa Fy Tw *@r* 


In this example, the mean radiant 
temperature is an average of the 
temperatures of the radiating su 
faces weighted according to the a1 
gle they subtend at the receiving o} 
ject. Thus, mean radiant tempe: 
ture applies only to the object 
ceiving the radiation and is a fun 
tion (through F,’ and F,4”) of bot! 
the shape of the receiving object as 
well as the geometrical position 
the radiating surfaces. Therefore. 
in actual practice, it is important | 
note that a man, a_ thermo-int 
grator, or a globe thermometer 
numerically different radiant wall 
temperatures. 
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The thermopile is the only prac- 
tical physical instrument that can 
measure the effect of radiation with- 
out regard to ambient air tempera- 
ture or air movement. The thermo- 
nile may be used to measure only 
the temperature of a surface it sees. 
For an object of any shape receiving 
radiation, one could sample the tem- 
perature it sees normal to its sur- 
face uniformly all over the total sur- 
face of the object. A proper aver- 
age of these temperatures would be 
the true mean radiant temperature 
for that object. Such a procedure, 
although laborious, offers the only 
method available by which one can 
measure directly the mean radiant 
temperature as seen by an object. 
Thus, the fact remains that the sam- 
pling thermopile technique is the 
fundamental method of measuring 
the mean radiant temperature of 
any object. 

If one knows quantitatively how 
an object loses heat by convection, 
C, to its environment and if one can 
measure the mean surface tempera- 
ture of the object itself, it is possible 
to deduce the mean radiant temper- 
ature for that object from Equation 
3 since the heat gain or loss by ra- 
diation equals the heat loss or gain 
by convection. Further, if the ob- 
ject generates heat, H, then, of 
course, R, is the difference between 
H and C. 

The three well-known radiation- 
convection integrating devices, eu- 
patheoscope, thermo-integrator, and 
globe thermometer, use this general 
principle. Each consists of a metal- 
lic shell without negative curvature 
in which there may or may not be 
a heat source. By operation under 
known radiant conditions, convec- 
tion properties of each instrument 
may be quantitatively determined. 
With the additional knowledge of 
the reflectivity factor for the surface 
of the receiver to the type of radia- 
tion being measured, any of these 
instruments may be used to measure 
mean radiant temperature, which, 
of course, would be valid by defini- 
tion only for the individual instru- 
ment. The general applicability of 
these instruments to thermal en- 
vironment for human comfort would 
he based on the knowledge of a fac- 
tor, above or below unity, which re- 
lates radiation exchange per unit 
area of each instrument to a corre- 
sponding exchange for the human 
body under like circumstances. 
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Of the three types of instruments 
mentioned it is recommended that 
the globe thermometer be the stand 
ard field instrument for the meas 
urement of mean radiant tempera 
ture. Recommendations for the con- 
struction, use and calibration of the 
globe thermometer are outlined 
herewith: 

1. Design of the globe thermom 
eter: 

a. The master globe thermometer is 
made from an 8 in. O.D. copper spher« 
having a wall thickness of 0.022 in. The 
use of smaller diameters is not advised, 
although correction curves are available to 
change results to the 8 in. equivalent. A 
spud with % in. IPS internal thread is 
soldered to the sphere for support. 

b. The temperature of the globe may 
be measured by an accurate mercurial 
thermometer, calibrated from 0 to 120 F 
a 12 in. length of ™% in. diameter is con- 
venient. The thermometer should be held 
in position by a rubber bushing in the 
spud so that the bulb of the thermometer: 
lies at the center of the globe. Respons« 
may be quickened by blackening the ther- 
mometer bulb without affecting accuracy 
\ thermocouple may be used in place of 
the glass thermometer. For this purpos« 
the globe should be supported by a 4 in. 
long fibre rod, ™% in. in diameter. On 
end of the rod should have a % in. IPS 
thread 
bore of the rod 
of No. 34 wire are used for ambient air 


The couple is inserted in the 
Where thermocouples 


temperatures, it is convenient and advan- 
tageous to use the same type for obtain- 
ing the globe temperaturs 

c. The outside surface of the globe 
shall be blackened with two coats of Flat 
Black—Sherwin Williams paint No. 42 
The emissivity of the globe so blackened 
has been determined to be 94 per cent 
whether paint is applied by brush or 
spray gun. 

d. The globe should be supported by 
light twine connected to the spud or by 
some other means leaving the surface 
free to radiation. 

2. Use of the globe: 

a. The location of the globe in th 
room, including the distance from the floor: 
and from the adjacent walls, should be 
recorded. In ordinary environments it 
is suggested that the mean height of th« 
globe be 30 in. above the floor, although 
other heights may be investigated also. 

b. The air movement shall be measured 
at the globe location by an anemometer 
properly selected and calibrated 

c. The ambient air temperature may be 
taken with an aspirated thermometer at 
a distance of 1 ft from the side of the 
globe. In ordinary environments wher« 
the quantity of radiation present is such 
that the difference between the tempera 
ture of the air and globe is less than 10 
F, the ambient air temperature may be 
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closely determined with one or n 


' 


thermocouples made of wire not lars 
than No. 


surface of the sphere This couple 


30 and located 2 


ouples, should be located in a | 


plane passing through the center t : 
globe Because of the inherent sluggis! ; 
ness of the globe, its reading represent 
an average for quite a long period of 
servation, and the observed air tempera | 
ture should represent an averag: 
the same period The use of thern 
couples and electrically heated anen 
eters makes it possible to take readir 
remotely, thus removing any effect } 
bserving body 
d. The meat radiant temperatur: 


(Tw) determinations are made bv using 
1 modified Bedford formula and ti! 
served ambient air temperature 
(lV) nd elot ‘ 


air movement (I), and globe temy 
ture (7>¢). This formula is 

0.94 1.72 10° (Tw To‘ 
0.164 V V (T, Is (6 


When globes of similar constru 


tion but of smaller diamete ul 1s 
the coeff ient ior convectior loss in tl 
right hand term of the Bedford equatior } 
must be altered. The values of thi ; 
eficient for different lobe diamet 
are: 
DIAMET! Convecti 
vp GLost Coerricts 
Q ) 164 
; i) lf ) 
} 0.18] 
3 0 188 
5) » 
Changes in the convection coefficient 


for globes above 8 in. diameter are he 
lieved to be negligible The 6 in. glob 
was used by Bedford as a standard 

f. When taking measurements wit! 
the globe thermometer, whether for cali 
bration purposes or in practice, it is im 
portant that all couples and thermometers 
used be calibrated against a master ther 
mometer over the temperature rang 


Inve ive d 
Summary 


\n effort should be made to 


standardize measurements of the 
physical properties of the environ 
ment which will result in greater 
uniformity and continuity of data i 
relation to the findings of various 
investigators. The measurements 
of temperature, whether radiant or 
ambient air, and of air movement, 
are part of a language used to de 
scribe the thermal environment. The 





obvious and natural goal is to strive 
for standardization in measurement 
in order to describe the environment 
in terms of a common language 




















A Method of Compiling Tables for 


Intermittent Heating 


By Elmer G. Smith*, College Station, Tex. 


Introduction 


THE PROBLEM of accurately deter- 
mining loads for intermittently 
heated buildings is one that has 
concerned engineers who have spe- 
cialized in churches. A number of 
formulae have been developed for 
calculating the heating requirements 
of such buildings and often inade- 
quate plants are installed. For this 
reason many churches require long 
heating-up periods and in some cases 
improper comfort conditions result. 

One factor that is frequently over- 
looked in designing systems for in- 
termittently heated buildings is the 
specific heat of the building mate- 
rials. This factor is frequently re- 
ferred to as storage effect or lag, 
and in massive structures this is an 
important factor. 

The solution of this problem has 
demanded a thorough investigation 
of the transfer of heat through 
building materials. Up to the pres- 
ent time practical information con- 
cerning the absorption of heat in a 
building material has been lacking. 
From the theoretical derivations 
outlined in this paper, it is hoped 
that the engineer and contractor will 
ultimately have theoretically sound 
formulae which may be used with a 
certain degree of confidence. It has 
been possible to develop constants 
giving the heat absorbed in Btu per 
hour per square foot of surface, per 
degree rise in air temperature for 
different floor and wall construc- 
tions. This value, added to the cus- 
tomary heat transfer load through a 
building wall, would make it pos- 
sible to determine the necessary ad- 
ditional capacity’ for an intermit- 
tently heated building. 

Previous papers! describe the deri- 
vations of equations which give the 
rates at which simple (single layer ) 
walls absorb heat under the condi- 


*Associate Professor of Physics. A. and M. 
College of Texas. Member of ASHVE. 

1A Simple and Rigorous Method for the De 
termination of the Heat Requirements of Simple 
Intermittently Heated Exterior Walls, by, Elmer 
G. Smith. (Journal of Abtlied Physics, Vol. 12. 
No. 8, August, 1941, p. 638.) 5 

The Heat Requirements of Simple Intermit- 
tently Heated Interior Walls and Furniture, by 
Elmer G. Smith. (Journal of Applied Physics, 
Vol. 12, No. 8, August, 1941, p. 642.) 
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tions that usually exist in intermit- 
tently heated buildings. These 
equations are based upon the fol- 
lowing assumptions: (1) Previous 
to the starting of the heating system, 
the air in a given room and all the 
walls are at the same temperature. 
(2) At the instant the heating plant 
is started, heat suddenly begins to 
enter each wall. (3) The rate at 
which heat enters any given wall is 
constant until the building has be- 
come comfortable. (4) The out- 
door temperature remains constant. 

It should be noted that it is not 
assumed that the temperature of the 
air in the building is suddenly 
raised to 70 F and then remains at 
that temperature until the walls 
have reached their steady state tem- 
peratures. This would give results 
much too high. Under the assump- 
tions actually made, the temperature 
of the air suddenly rises, but not to 
70 F. After the first sudden rise 
the temperature difference between 
the air and the wall surface remains 
constant, while the air temperature 
is being increased to 70 F. 

In Bulletin® No. 60 of the Texas 
Engineering Experiment Station is 
a set of tables based upon the fore- 
going equations and applicable to 
either intermittent heating or inter- 
mittent cooling. Although the proc- 
ess of computing them is laborious, 
the tables are no more difficult to 
use than the tables of conductances 
for various walls that are given in 
Tue Guine. The numbers which 
make up the main body of the tables 
have been called the absorbances of 
the walls because of their similarity 
to the conductances which are used 
in the familiar steady state calcula- 
tions. Table 1 shows the parts of 
them that refer to monolithic ex- 
terior walls of sand and gravel con- 
crete, and to brick interior walls. 
To the left of the double line are 
given the constants used in calculat- 
ing the absorbances of the walls 
listed. 


2Heat Requirement Tables for Intermittently 
Heated Buildings. (Engineering Experiment 
Station Bulletin, No. 60. A. and M. College of 
Texas, College Station, Tex.) 
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The use of the tables can bes: 
explained by a numerical exam; 
Suppose a given building to | 
9,000 sq ft of exterior wall mad 
monolithic concrete 10 in. thi 
The temperature of the interior 
the building is never to be alloy 
to fall below 40 F, but the outd 
temperature may drop to O F. 7 
the losses between 40 F and 0 
are steady state, while those betw: 
70 F and 40 F are transient. A| 
suppose that the building is to 
comfortably warm 3% hours afte: 
the fires are lighted. Since appr: 
imately one-half hour will probab! 
be needed to raise the temperatur: 
of the heating plant sufficient, 
enable it to deliver heat at an 
preciable rate, the time required | 
heat the building must be taken 
3 hours. In the upper portion 
Table 1, at the intersection of 
column headed by 3 hours and th. 
row beginning 10 in. of concret: 
the figure 1.001 may be found. Cor 
sequently the transient loss for the 
9,000 sq ft of wall may be dete 
mined by multiplying the wall ar 
by the absorbance and temperature 
rise of the air. 


9,000 (1.001) (70-40) 270,300 
per hour. 


Similarly by reference to TH! 
ASHVE Gutpe® the steadv stat 
loss is found to be: 


9,000 (0.62) (40-0) 223.200 Btu 1 
hour. 


The total heat requirement for th 
wall, therefore, is the sum of th 
steady state and transient losses 


270,300 + 223,200 — 493,500 Btu 
hour. 


Suppose that the interior of thi 
same building contains 12,000 sq t' 
(counting both sides) of 4-in. brick 
partitions plastered on both sides 
In the lower portion of Table 1, 
the intersection of the colum: 
headed by 3 hours and the row b 
gun by 4-in. brick, the figure 0.720 
may be found. Therefore, the 


SHEATING, VENTILATING, ArR CONDITION 
Guipe, 1940, p. 100. 
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ABSORBANCES Or Exterior Watts 1n Bru Per Sovare Foor Per Hour Per Decree FANRENHE 


Table 1 





THIcKNess | INTERIOR 


Per Square Foor or INTERIOR SURFACE 


Time in Hours 


EXTERIOR 


[ype or WALL or WALL SurFace | Surrace | Resistance THERMAI 2 1 2 3 4 f 7 8 
in INcHES | RESISTANCE) RESISTANCE) OF WALL (CAPACITANCE 
nerete 6 0.63 j 0.167 0.48 13.5 1.291 1.192 1.075 1.002 0.949 0 911 0 S83 0 S61 0 S44 
Monolithic Sand 10 0.63 0.167 08 22 45 1.200 | 1.191 1.074 1.001 | 0.949 | 0.906 | 0.868 | 0.839 | 0.8! 
wnd Gravel) 16 or more 0.63 0.167 1.28 36.0 1.289 1.190 1.072 1.000 0.948 0.904 0 866 0 S38 0.814 
ABSORBANCES OF INTERIOR WALLS IN Bru per SQuARE Foot per Hour per Decree FAHRENHEIT 
Per Souare Foot or INTERIOR SURFACE Time in Hours 
THICKNESS INTERIOR THERMAI 
lyre or WALI or WALI SURFACE RESISTANCE CAPACI- Vy l 2 ; H 5 t 7 ‘ 
IN INcHEsS | ResIsTANCE|) oF WALI TANCE 
4 0.63 0.475 1.99 1.141 1.021 0.842 0.720 0 629 0.559 0 502 0 456 0 418 
3rick V3 in ot S 0.63 0.9 9 45 1.139 1.02 0 S89 0.814 0.738 0 685 0 639 0 507 { th 
Plaster each 12 0.63 1.325 13.9 1.141 1.021 0.890 | 0.810 | 0.7534 0.704 0.670 0 637 0 608 
ide 16 or more 0.63 1.75 18.4 1.141 1.021 0.891 0 810 0.755 0.710 0 674 0 644 Of 
Time in Hours as Apove 
+2 
filtration and Glass Factor 0.71 0.75 0 80 0 83 0 86 0 88 0 29 0 90 ( 


Time in h irs 


transient loss for 12,000 sq ft (6,000 
sq ft if the surface on only one side 
of each partition is counted) is 
found to be: 


12,000 (0.720) (70-40) 259,200 Btu per 


hour. 
Since there is no steady state loss 
for an interior wall, 259,200 Btu 
per hour is the total heat require- 
ment for these partitions. 

\t the bottom of Table 1 is a line 
of figures designated as Infiltration 


and Glass Factor. These numbers 


resulted from a conservative esti 
mate as to how much the infiltration 
and glass losses will be reduced on 
account of the fact that the interior 
of the building is at a low average 
temperature during the transient 
period. Thus, in computing the in- 
filtration and glass losses for the 
previously described building, in- 
stead of using 70 F 0F = 70F, 
one should use (40 F — 0 F) }+4 
0.83(70 F 40 F) = 6&9 F, 
where 0.83 is the infiltration and 
glass factor for a 3-hour transient 
period. 

The heat requirements of roofs 
and very heavy outside doors are 
obtained in the same manner as for 
the exterior walls. Thin panels in 
outside doors should be treated in 
the same manner as glass. Inside 
floors and furniture should be 
treated in the same manner as in- 
terior walls. Unless the building is 
very small, the heat required to 
raise the temperature of the air 
should also be considered. 

Before leaving the subject of pre- 
vious work it should be mentioned 
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that in writing the bulletin on inter ficiently clear to enable engineers to 


mittent heating, every effort was compute the absorbances of new 


made to use conservative values in types of walls whenever that seems 


computing the tables In accord desirable, either because a new type 


ance with this policy, the surface of wall has come into common us¢ 


conductance used for intermittently or because the physical constants oi 
—. interior saga was the some wall already in use have beet 
ame i Y se or c . b 
sa e that is usually used for _con more carefully determined. 
tinuously heated interior surfaces : : , 
- For a simple interior wall, it can 
Since all walls receive much less 
we ‘ : be proved that, if heat is supplied 
radiation during the transient period 
; : to a wall at a constant rate, its ab 
when the interior as well as the ex : ; 
: sorbance is given by the equation 
terior walls are cold, the resulting apie = 


The bul 


absorbances are too high 


letin gives a simple method of con l 
. a => —- — ——e 
verting an absorbance based on one /OR 
hat based —S (25) 
Surtace resistance to that based on -_—— 2 
another so that the variation can be Ro+ =+ = — 
: 3 L / { we \ +2 
remedied as soon as the proper ane » Ro] '" 
= “i ri 
values have been definitely ascer e 
tained. 
where 
Purpose a =absorbance of the wall 
Since new building materials and R, == surface resistance of the wall p 
new types of structures continually square foot. 
make their appearance, it is desir 
k resistance of the wall between one 


able that anyone interested be able 
to compute the absorbance of a wall 
without being obliged to read 
through the original derivations in Tr 
order to be certain that the process 
is correct. Accordingly the purpose 
of this paper is to give detailed illus 


of its surfaces and its mid-plane for 
each square foot of surface 


time that may be allowed to elaps« 
between the time when appreciabl 
heat begins to enter the auditorium 
or room and the time when it first 


trations showing exactly how each becomes comfortable. 


of the equations is to be used to ob 


: ; C == thermal capacitance of the wall be 
tain new values of absorbances. 


tween its surface and its mid-plane 
per square foot of surface 
Equation for Simple Interior 


¢ == base of Naperian logarithms 
Walls 
n == any positive integer. 
It is hoped that the procedures te 
and examples which follow are suf- ev. Cit, Mote 1 (eecend reference 
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Procedure for Simple Interior 


Walls 
1. Calculate C = (density) (specific 
heat) (half the thickness of the wall 
expressed in feet). 
2. Record R, 





3. Record R 
2R 
4. Calculate - 
xe 
xr 
5. Calculate —— 
RC 


6. Calculate as many terms of the sum- 
mation as are needed. 


7. Substitute in the equation to obtain 
the absorbance. 


Examples 


For a 2-in. wall of solid plaster 
in a room that is to be brought to 
a comfortable temperature in 3 
hours : 


1 
.¢=s 110(0.20) ( )= 1.833 
12 


3. R= 0.30(1) = 0.30 


2R 2(0.30) 


1. - — ————- — 0.0608 
x? x 
x x 
5 = = 17.95 
RC 0.30 (1,833) 
Lr) 
2 
1T 0.0608 
6.) Se 
i.) 2 (17.95) 3n 
naglte)™ ae ne 
1 
%. a —— —-- — 
0.30 3 
0.63 +-—— -+- ————- —- 0 
3 1.833 
1 
0.63 +- 0.10 + 1.636 
1 
——— = 0.422 Btu per hour per 
2.366 
square foot per degree Fahren- 
heit 


The summation is negligible for the 
above wall and also for most interior 
walls in the types of buildings being 
constructed at the present time be- 
cause of their thinness. As an ex- 
ample of the other extreme, take 
tie case of a 24-in. brick wall in a 
building that is to be made comfort- 
able in 3 hours. In this case the 
various steps are: 

1. C = 120(0,21)1 = 25.2 





2. R,. = 0.63 

ae 0.20(12) = 2.40 
2R 2(2.4) 

4, <a = 0.4863 
x x 





mf 


~ = 0.1632 





RC 2.4(25.2) 


(& 

tT a 0.4863 

.. ()r 2 0.1632 (3) n® 
nz erro " 


né e 
0.4863 0.4863 0.4863 
- ee fe ee 
( 1)*¢° 4st (2)%e' vON ( 3)*%e 4.41 
0.4863 
(4) % 
0.4863 0.4863 


1.632 4(7.09) 
0.4863 0.4863 
9(92.0) 16(2 25 520) 
— 0.2980 + 0.017 15 + 0.00058 -++- 0.00003 +- 
= 0.3158 


7. @=— ————- — 


2.40 3 
0.63 4. 4. «> 03158 


3 25.2 


1 


0.63 + 0.80 +- 0.1191 — 0.3158 
1 
—— = 0.810 Btu per hour 
1.2333 ; 
per square foot degree Fahrenheit 
Equation for Simple Exterior 


Walls 


Assuming, as in the case of the 


0.0608 0.0608 


2 53.85 2 1027 0 


(1) e (2) e 





simple interior wall that heat is to 
be supplied at a constant rate, the 
equation for the absorbance of an 


exterior wall can be expressed as: 


; 








a = 
z= (M) 
ads (5) 
eT 
where 
a == absorbance of the wall. 
oR 
M = 2RR,4 +— 


~ 


J ==R°+ RR, +R, 2 


1 


‘RC 


R = the total thermal resistance of the 
wall exclusive of both surface re- 
sistances. 


SLoc. Cit. Note 1 (first part). 


Hearine, Preinc & Am Conpiriontine, 


R, => 


T 


but also R, R,, Ry. and R, ar 
square foot of indoor surface 

The limits of the summation, 
and + o, refer to the subscript 
M, J, and zg in the next parag: 


Procedure for Simple Exterior 
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total thermal resistance of the 


including both surface resist 

R. = surface resistance 

indoor surface of 

wall. 

Ry = surface resistance 

outdoor surface 

wall. 

C s=total thermal capa 

of the wall per 

foot of indoor surf 

==time that may be allow: 

elapse between the time wh¢ 

preciable heat begins to ent: 

auditorium or room and th 

when it first becomes cor 

able. 

is to be found by means 
chart given in Fig. 1. 


which coordinates z with 


i 


It should be noted that not o 


Walls 

Calculate C (density) (sp 
heat) (thickness of wall in feet 
Record R 
Record R, 
Record FR, 
Find Ri =R.+ R+ Ryo. 
R 


Find —— 
Ry 
Look up the 5 values of 
Find Q 
Find M, 
Find J; 
Find Qz, 
M,; 
Find —— 


J; 
Repeat steps 9, 10, 11, and 12 for t 
subscripts 2, 3, 4, and 5. 
Carefully check all decimal p 
and exponents. 
Calculate e“T for each of th: 
scripts for T= % hour. 
Find the =, 
Find R, —= 
Find a for T = 4 hour. 


Repeat steps 15, 16, 17, and 18 | 
T = ¥%, 1, 2, 3, 4, 5, 6, 7, and 8 
Plot a pencil curve coérdinating 
sorbance as ordinates against 
(T) as abscissae. This will hel 
eliminate some errors. 
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| ; a 170 
16 | 
‘sof +++ + a - ! 
et rat i | | Zen */20.90 
2-1) 1 ] 20 
7 = ‘Lie, 
+—_+———-——100 
2-668 |"° 
| peer 6 0 
~+ ++ + +150 
40 
| Zenezeey {°° 
‘ —_——_—_>—4 2 
Sanaa aeeae sess 
cool 20 
\. Lie * 2.4674 
——- - + oe 
24 
+1} 1 20 
+ —1.5- 
+++ 1.04 
| i 
+ t 1 > , T ; 
Z ae | onl = Use /ower obscissos for /owest curve j 
' 
— 0.5 4 4 | Use upper obscissoes for oli others 11 126 co Gee = 
+4} Te | (Raw @aw | |_t 1_| 
|_| A = c. |_| | 
4 | ' i | 
/ oe | . - | ri. i 
.@] 10 20 30 40 
! 2 3 4 
R Total Resistonces of frat Exaciusive of both Surfoce Resistonces 
Surface Resistance of Outdoor Side of Wall 
Fig. 1—Values of = for exterior wall absorbance equation 
2 7 Before looking up notice 
: Example that the zs; curve is plotted in y #(0.80) (0.167) 
6 , ] 
j . , . two parts The lower part 
a Let it be required to find the ab pa at, 1.024 
) : ‘ ae goes only from 0 to 4 so the . 
sorbance of a 10-in. monolithic con ' 0.0446 0.64 
, A ; upper part must be used to 170% 
rete exterior wall for various rates 4 
ot heating. The steps are as fol K 10. J; (0.80)? +- 0.80 (0.167) 
lows: obtain or 1.79 (0.167)? 1.705 
10 . 0.7735 + 0.0279(1.70 
( 142(0.19) ( ) 22.45 1.705 0.821 
\N 12 16.1 Oz, = 0.0556 (1.705) 0.09 
R = 0.08(10) = 0.80 7, /' 
Re Be 47.1 Mf 0.6466 
XN, = 0.63 0.791 
Ry = 0.167 += 97.5 / 0.821 
R. = 0.63 + 0.80 + 0.167 = 1.597 166.8 1.024 
Vf 0.0446 4 0 
R 0.80 1 16.1 
— =—=—— — 4.79 8. O - 0.0556 /. 0.7735 +- 0.0279 (16.1) 
Ry 0.167 0.80 (22.45) Oz: = 0.0556 (16.1) 0.895 
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M; 0.1082 
=- —= 0.0885 
J; 1.223 
1.024 
M; = 0.0446 + - = 0.0664 
47.1 
J; = 0.7735 + 0.0279 (47.1) = 2.088 


Os, = 0.0556 (47.1) = 2.62 
M, 0.0664 


. —— = 0.0317 
J 2.088 
1.024 
M, = 0.0446 + —— = 0.0551 
97.5 
Js 0.7735 + 0.0279 (97.5) = 3.494 
Oz, = 0.0556 (97.5) = 5.425 


M, 0.0551 
— = 0.0158 


Ji 3.494 
1.024 

M; = 0.0446 + ——— = 0.0505 
166.8 

J; = 0.7735 + 0.0279 (166.8) = 5.43 

Os; = 0.0556 (166.8) = 9.27 

M, 0.0505 

— - = 0.0093 

Js 5.43 


14. It is important to check all decimal 
points and exponents at this stage of 
the computations. Step 13 was given 
in full detail because the form used 
was found to result in greater speed 





and fewer mistakes than any other 
that was tried. 
15. For T = % hour 
¢9.095 (%) — ¢.02375 — 4 0241 
e® 895 (%4) — ¢® 2238 = 1.3505 
e 62 (4%) — e? 655 — 1.933 
Pal 425 (4%) — e} 356 — 3.88 
e227 (4%) — @2 318— 10.13 
: 0.791 0.0885 0.0317 
B 
16. es ——e of — 
—_— 1.0241 1.2505 1.933 
0.0158 0.0093 
3.88 10.13 
0.772 + 0.707 + 0.0164 + 0.004) 
+ 0.0009 — 0.8631 
17 1.597 0.863 — 0.734 
; 1 
18. a. = ——— = 1.362 Btu per hour 
: ; 0.734 
per square-foot per degree Fahrenheit 
19. For T Y% hour. 
e8.006 (6) == GhOs = 10486 
: e° 895 (%) ce? 4475 — 1.564 
' e762 Oe ¢1.31 = 3.70 
@5-425 = ¢2.718 = 15.1 
~ 0.791 0.0885 0.0317 
— ote - _ + — 
Gut 1.0486 1.564 3.70 
0.0158 
15.1 


0.755 + 0.0566 +- 0.0086 -+- 0.0010 


0.8212 


1.597 0.821 — 0.776 

1 
ay, — =< 1.290 Btu per hour 
0.776 
per square foot per degree Fahren- 
heit. 
For JT = 1 hour 


c9.095 (1)— 1.9998 


e? 895 (1) — 9 445 


e?-62 (1) — 13.75 
~ 0.791 0.0885 0.0317 
oune — +. —— + — 
— 1.0998 2.445 13.75 
0.719 +- 0.0362 + 0.0023 — 0.7575 
1.597 0.758 0.839 
1 
a; ——— = 1,191 Btu per hour 
0.839 


per degree Fahrenheit 
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By a continuation of this process, 
using as many terms of the summa- 
tion as are required to keep the 
error less than 1 per cent, is ob- 
tained : 


a; = 1.077 Btu per hour per square 
foot per degree Fahrenheit 


ad; = 1.001 Btu per hour per square 
foot per degree Fahrenheit 


ad, = 0.949 Btu per hour per square 
foot per degree Fahrenheit 


a; = 0.906 Btu per hour per square 
foot per degree Fahrenheit 
ad = 0.868 Btu per hour per square 
foot per degree Fahrenheit 
a = 0.839 Btu per hour per square 
foot per degree Fahrenheit 


a; = 0.815 Btu per hour per square 
foot per degree Fahrenheit 
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NAVY CALLS HOUGHTEN. 
JAMES IS ACTING DIREC7::2 


Ferry C. Houghten is now o 
tive duty with the United §S 
Navy at Washington, D. C., h 
recently been called into servi 
Lieutenant-Commander, USNR 
heeding this call to serve his 
try, Dr. Houghten leaves the 
search Laboratory activities wit 
best wishes of the Officers and | 
Committee on 
past 16 years he has been Dir 
of the ASHVE 
tory at the Bureau of Mines, | 


Research. Fo; 
Research Lal 


burgh, Pa., and has participat: 
a varied program of investigat 
sponsored by the ASHVE. 
Under the stimulus of 
requirements, the Laboratory 


Wal 


its cooperating institutions 

big program ahead and to meet 
present emergency, the appoint 
of John James, Technical Secr: 
of the Society, as Acting Dire 
has been announced by F. ¢ 
Intosh, Chairman of the Commi 
As rapidly as 


sible, Society research facilities 





on Research. 


being converted to projects ol 


cial interest to the 


rovernment 





George Coleman Blackmore, one of 
the pioneers in the heating industry, and 
a Charter and Life Member of the 
ASHVE, Pitts 
burgh, Pa., on May 20, 1942, after an 
Black- 


Automatic 


died at his home in 


illness of several months. Mr. 
more was president of the 
Gas Equipment Co., Pittsburgh. 

Mr. Blackmore was born on July 19, 
1866 in Toronto, Ont., Canada, the son 
Stevens Black 

York in 1885, 
business. 


of William and Julia 
more, and came to New 
where he entered the heating 
With his brothers, the late 
and L. R. Blackmore, he 
mental in 
SOCIETY OF 


Joseph J. 
was instru- 
organizing the AMERICAN 
HEATING AND VENTILATING 
ENGINEERS in 1894. 

He organized the United States Radi- 
ator and Boiler Co., at West Newton, 
Pa., which in 1910 became the United 
States Radiator Corp., Detroit. From 
1914 to 1918 he was with the National 
Pa., with 
which was own company, 
the Federal Radiator Co., New Castle. 
In 1922 the Automatic Gas Equipment 
Co. was organized and Mr. Blackmore 
1925. He 


pioneer in hot water heating and in the 


Johnstown, 


Radiator Co., 
merged his 


became president in was a 


development of radiator heating and 





radiators. 


gas-steam 





G. C. BLACKMORE, CHARTER MEMBER, DIES AT 75 


ASH\ 


made him a Life Member and until | 


In 1931 the Council of the 


death he was one of the few survi 
Members 


and helped guide it throug 


Charter who formed the S 
ciety 
early days. 


Mr. Blackmore 
1894 


married Jenni 


MclIlwain in and with her 


his home in Edgewood for more t 
30 years. She died in 1933. He 


a trustee of the Edgewood Presbyte: 


Church from 1926 until 1928 when 
became chairman of the board. He 


Mason and 


remple. 


a thirty-second degree 
member of Syria 
‘He is survived by five children, Vi 


ginia B. Blackmore, Pittsburgh: N 


man L. Blackmore, Edgewood; Ge 

W. Blackmore and Mrs. Dorot! 
Blackmere Lemmon, Philadelphia; at 
James S. Blackmore, Peru, Ind., ar 


grandchildren. Funeral serv! 
held in Pittsburgh, May 22, a: 


Homewood Cemetery 


eight 
were 
burial was in 

The Officers 
\ MERICAN 
VENTILATING 


¢] 


Council of 
HEATING A 


and 
SOCIETY OF 
ENGINEERS extend th 
sincere and heartfelt sympathy to 
family for the great loss they have su 


tained. 
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It’s Time 
to Go to 
St. Paul 


St. Paul Skyline 


fue Minnesota Chapter wants 
ASHVE members to come to St. 
Paul, June 15-17. R. E. Back 
strom, General Chairman of the 
Committee on Arrangements, has 
sent a special message to all Society 
members urging them to fall in line 
with the conservation program and 

mbine business with pleasure at 
the Society’s Semi-Annual Meeting 
at the Hotel St. Paul, in Minnesota’s 
Capital City. 

In addition to splendid technical 
sessions there will be inspection 
trips, sightseeing and golf for men, 
and special trips for the ladies, in 
cluding visits to the University of 
Minnesota Campus, the new Coff 
man Memorial Union and the Mu 
seum of Natural History, as well as 
i luncheon and card party 


\ Get-Together Luncheon at 











ro Sr. Pa 
: R. T, RAIL ANI Cc 
nO B. PuLLMAN 
At ta, ba = 7 ap 
Bos Mass 
Buffalo, N. \ ; 
ig Il “ 
Cincinnati, O ‘ 
Cleveland, O on 
allas, Tex “na. 00 
Des Moines. Ia 18.80 
Jetroit, M 49.55 
Vurha N. 8 00 
Rapids M 20) 
stor Pex 0 
N izoo, M 
A City M . 
g, M 
Angeles. ( ' Q 
~ waukee, Wis 
cai, 1¢ ’ f 
New H a, ( t 14.40 
New Orleans I > . ¥3 
New York, N y ] 40 
VU na City, Okl 49.50 
UV Nel » 40 
elphia, Pa 87.5 
urgh, Pa 62.00 
and, Ore 118.85 
I s M 40.10 
» Francisco, Cal 135.8 
S e, Wash. 113.8 
to, Ont 65.30 
ana, Ill 4 
hington, D. ¢ 850 
peg, Mar 97.7 
eatinc, Princ & Am Conprmioninc, June, 


noon, June 15, will be held in the requests the cooperation ot member 
Club Casino, Hotel St. Paul in sending advance reset 
\ wide variety of subjects will the three special social functi 
be discussed at the technical ses the Monday luncheot linnet 
sions, and of special interest wil! Monday evening and the Sem-A1 
be the papers dealing with fuel con nual Banquet on Tuesday 
servation, air conditioning of black Reservations 01 l d 
out plants, and physiological reac should be made promptly and m« 
tions. bers who desi extend ( 
The Semi-Annual Banquet is Minnesota trip to includ mn 
scheduled for the evening ol June more of the national park s, will f 
16, and the toastmaster will be attractive vacation rates in eff 
Harry E. Gerrish, and the principal and can receive full infor 
address of the evening will be given ibout train schedules 
bv Walter H Judd, \L.D ticket agents here are try i 
Members have received hotel res able to Yellowstone National P 
ervations cards and early requests the Black Hills and Glacier Nati 
for accommodations should be made Park 
The rates at the St. Paul Hotel are The members of the \iinne 
single $2.50 and $4.50: double $4.00 Chapter hope to make the Set 
to $7.00 pet day room with twit Annual Meeting 1942 the best 
beds $5.00 to $7.00 per day the Society’s history and the 
The Committee on Arrangements it’s time now to start for St. Pan! 





R. 7 
A 
FAR 
Minnesota Chapter members take no chances in planning for golf tournament. 
Floyd Bell deliberates his putt, David Anderson checks the deflection, Harry 
Gerrish makes slide rule calculations, and Howard Betts checks the distance 
1942—ASHVE Journat Section 39] 
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Program Semi-Annual Meeting 


St. Paul, Minn. — St. Paul Hotel — June 15-17, 1942 


June 14 June 16 
a ‘ , ; 9:30 a.m. TECHNICAL SESSION (Continental R 
p.m. Registration and Reception of early arrivals (Capt- 


ey eae Overloading of Viscous Air Filters During 


erated Tests, by Frank B. Rowley and Ri 
p.m. Smorgasbord Dinner (Club Casine) Jordan 
Movies Air Conditioning of Blackout Plants, by 


Minnesota : 
Grant 
Physiologic Studies Pertaining to Naval \ 
June 15 tion, by A. R. Behnke, Lt. Comd: 
. 2 U.S.N. 
a.m. Registration (Capitol Room) 
Ladies’ Sightseeing Trip—Twin Cities 
Mismnocts Chapter and Ladies’ Headquarters (st Noon Ladies’ Luncheon at Coffman Memorial 
ley Room) University of Minnesota, and Ladies’ Sig! 
Trip—Minnetonka Lake District 


LO:00 a.m, 


a.m. Council Meeting (Room 234) 


a ; : ; 12:15 p.m. Men’s Luncheon at White Bear Yacht ( 
a.m. Nominating Committee Meeting (oom 334) 


1:30 p.m. Golf Tournament (Research Cup and Eich! 


p.m. Get-Together Luncheon (Club Casino) morial Cup) 


6:45 p.m. Pre-Banquet Get-Together (C/ub Casin 


7:45 p.m. Dinner and Dance (Continental Room) 





p.m. TECHNICAL SESSION (Continental Room) age rer 
Toastmaster: Harry E. Gerrish. Speaker 


Performance of a Forced Warm Air-Heating Sys- H. Judd, M.D. Subject: Behind the Cont 
tem as Affected by Changes in the Volume and the Pacific 
Temperature of the Air Recirculated, by A. P Presentation of Memory Book to W. L. | 
Kratz and S. Konzo June 17 


9:30 a.m. TECHNICAL SESSION (Continental kK 


The Effect of Vanes in Reducing Pressure Loss in 
Heat Loss Studies in Four Identical Buildi: 


Elbows in 7-Inch Square Ventilating Duct, by 


~ + : . . , . > De Tr i . ft of Ss : ion by 1) 
M. C. Stuart, C. F. Warner and W. C. Roberts etermine the Effect of Insulation, 


Anderson 
[rend Curves for Estimating Performance of Panel The Specific Heat of Thermal Insulating Ma 
F. W. by Gordon B. Wilkes and C. O. Wood 


Heating Systems, by B. F. Raber and 
Hutchinson Simultaneous Heat and Vapor Transfer ( 


istics of an Insulating Material, by F. G. H 


p.m. Ladies’ Tea and Speaker—St. Paul Women’s City ler, E. M. McLaughlin and E. R. Queer 
Club + | 4 
12:00 p.m. Ladies’ Luncheon, Card Party, and Golf 
p. m. Committee on Research (oom 234) 12:15 p.m. Men’s Luncheon at Somerset Country Club 


} 


p.m. Informal Get-Together (Club Casino) 1:30 p.m. Golf Matches and Sightseeing and Inspecti 











éan 
92 


Method of Choosing Location of, Financing and Conducting Meetings of the Society : 
| 
Resolved: That inasmuch as the Annual and Semi-Annual Meetings of the Society come under the jurisdiction of 
the Council, the following rules governing the handling of such meetings be adopted by the Council and published in 
the JourRNAL of the Society at least twice during every year, preferably just prior to each meeting. 
1—The Council will select the city in which the Annual or Semi-Annual Meeting is to be held, giving due consideration to the invit 
tions received from Chapters or members as well as to the advisability of so distributing those meetings as to make them of the great 
ulvantageé to the general membership, and to reduce as far as possible the expense of members attending 
2—That an appropriation be made to cover the entertainment or local expenses, incurred in connection with the meeting not exce 
ing $500.00, the regular meeting expense to be taken care of by the General Fund of the Society in the regular way. 
38—That no registration fee or compulsory obligations of any nature be imposed on members or guests. 
4—That the purchase of tickets for banquets or for any other form of entertainment that may be provided be entirely volunta: 
5—That the grouping of features and the sale of tickets for group features be discouraged. 
6—That the raising of funds from manufacturers of heating apparatus be discouraged. 
7—That the display of samples, or of literature, advertising the product of amy manufacturer in any way, shape or form, be 
permitted at the booths, registration desk, or in or about the meetings. 
S—That the distribution of trade papers be entirely at the discretion of the committee in charge. 
9—That the local Chapter or local members be empowered to form a General Committee with such sub-committees as may be requir 
to handle the details of transportation, hotel accommodations, entertainment, finance, etc., and that this General Committee be requested 
to confer frequently with the Council, through the Secretary of the Society, and to make frequent reports on progress in connectior 
vith the various matters being handled by them 
10—That the arrangements of elaborate and costly entertainment features be discouraged 
idopted at Council Meeting, January 29, 1926 
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Che Committee on Arrangements 
is follows: 
i. Backstrom, General Chairman 
: \. B. Algren, Vice-Chairman 
Executive 
1). Adams 


F. B. Rowley 


H. kK. Gerrish 


mquet.... H. M. Betts, Chairman 
EPS ee eee ee 
E. F. Jones, Chairman 


aa oe |. F. Stafford, Chairman 


M. H. Bjerken, Chairman 


SENT Ls had 5 6ics tase nes 
_D. B. Anderson, Chairman 
Fee. és Mrs. R. E. Backstrom 
SG AE E. F. Bell, Chairman 


BOARD OF GOVERNORS 
William McNamara 
G. A. Dahlstrom 








VEW OFFICERS INSTALLED 
i7 ST. LOUIS 


May 5, 1942. Pres. D. J. Fagin 
presided at the May meeting of the 
St. Louis Chapter, which was held 
at Candlelight House in St. Louis 
County, with 28 members and 
guests in attendance. Following the 
reading of the minutes of the pre 
vious meeting and the usual busi 
ness routine, B. L. Evans reported 
on the membership activities 

President Fagin reported for the 
legislative committee stating that 
the Missouri Engineers’ Licensing 
Law had been enacted, and then an 
nounced the slate of nominations 
submitted. It was moved, seconded 
and passed that a single ballot be 


cast for the slate and the following 
were elected as officers for the 
1942-43 season: 
President—M. F. Carlock. 
t Vice-President—C. F. Boester. 
i Vice-President—J. H. Carter 


retary—W. J. Oonk 
reasurer—B. C. Simons. 
ard of Governors—D. J. Fagin, B. L 
vans, G. B. Rodenheiser, E. H. Ronsick. 
President Fagin expressed his ap- 
preciation for the cooperation re- 
ceived during his term as president, 
and the newly elected officers were 
ducted into office by L. Walter 
ioon, charter member and former 
president of the Chapter. 
C. F, Boester, director of housing 
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research at Purdue University, La 
fayette, Ind., and member of the 
Society's Committee on Research, 
addressed the meeting on Wa 
Hlousing and Post-War Housing, 
stating that the main objective of 
the division of housing research is 
to invent low-cost housing. He ex 
plained that they have a 150-acre 
tract of land upon which the experi 
mental houses are built. Mr 
Loester gave detailed particulars 
involved in this work, and criticized 
past performance in slum clearance 
projects, on the ground that finan 
ing and construction are aimed at 
60 to 70 years’ use of the housing 
He also brought out that studies 
are being made toward housing of 
the future, in the field of radiant 


ld +} 


heating and cooling, cold cathode 


lighting, glass and metal wall con 
struction, special radiation-reflect 
ing paints, etc. A lively discussion 
followed, and after a rising vote of 
thanks to Mr. Boester. the meeting 
adjourned 

April 7, 1942. The April meeting 
was called to order by President 
l-avin in Candlelight House, and 40 
members and guests were in attend 
ance. Following the report on the 
previous meeting, the treasurer pre 
sented his report 

| H. Carter, secretary of the 
Chapter, suggested that members 
submit ideas as to the mnprovement 
of the Society Nominating Commit 
tee procedure, so that the Chapter 
could then submit recommendations 
to the Society’s Committee on Con 
stitution and By-Laws. Mr. Boestet 
commented on the present proces 
and mentioned wavs in which it 
could be improved 

The nominating committee of the 
Chapter then submitted its slate of 
officers for the coming year. 


1 
' 


In place of the program that had 
been arranged, due to Prof. E. O. 
-astwood’s sudden illness in Kansas 
City while en route, a talking pic 
ture entitled Railroading was given, 
which was followed by adjournment 


MONTREAL HOLDS MEETING 


April 20, 1942. Pres. F. A. Ham 
let presided at the April meeting of 
the Montreal Chapter. After dinnet 
there was a discussion on the mo 
tion made at the last meeting re 
garding standardization of heating 
design. R. F. Wormley, who is a 
member of the heating committee of 
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lie Weartin Price poard uvgeestlcr 
iat the committee study the list 


of the \merican group with rega 


to standardization of pipe fitting 
el \. ] Watts mentioned that the 
radiation manutacturers had al: 
agreed to reduction I availabl 
sizes 


It was moved by A. M. Pe 
seconded by Mr. Worm 
committee consisting of S. dS. 4 
Fk. G. Phipps and A. B. Madden, g 
into this more fully 

KE. W. Twizell, Montreal 


troduced by President Hamlet 


gave a very interesting and 

tive talk on some new appli 

he has made of heating equipme! 
in the ot wate - tel res 

stalled in his ow non rit f 
scribed in detail e results he 
obtained from some of thes de} 
tures from standard practic 

his theories on the same, and further: 
changes he was yoing to tl as 
result \ vote of thanks was ¢ 


tended Mr. Twi ell al dd the meet! 


adjourned 


CINCINNATI PLANS FOR 1943 
LVVUAL MEETING 
iprul 21, 1942. Pres. W. H 


lunker called the April meeting 
order and the minutes the Mari 
neeting were read and approved 

Ld. Boyd then introduce RR 
Cherne who transferred from Syra 
cuse, N \ to the Cincinnati Chay 
tos 


H \. Pillen, chair 


meetings committee, announces 
G. V. Sutfin was in charge ot atl 
rangements for the ¢ hapter 5 annual 


meeting at Sharon Woods, wit 
golf tournament, a ball game a 
steak fry. 

President Junker stated that tl 
invitation of the Cincinnati Chaptet 
to hold the Society’s 49th Annua 
Meeting in Cincinnati had been a 
cepted. It was maved by A. W 
Edwards, seconded by H \\ 
Moore, that an election for a general 
chairman be held, and the motior 
was passed. Albert Buenger was 
elected general chairman, and W. 
Green, Life Member of the Societ 
was elected as Honorary Chairn 
of the Meeting 

Dr. H. C. Krueger, University o 


Cincinnati, then addressed the met 


ers on the subject of materials for 


war, After an excellent talk and 
discussion, the meeting adjourned 
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ONTARIO CELEBRATES 
ANNIVERSARY 


May 4, 1942. The regular annual 
meeting of the Ontario Chapter was 
held at the Royal York Hotel, To- 
ronto, with 55 members in attend- 
ance. As this was the 2lst anni- 
versary of the Ontario Chapter, the 
annual meeting was combined with 
a celebration and an Old Timer’s 
Night. 

Following dinner Pres. C. Tasker 
called upon the various chairmen of 
the committees to make their annual 
reports, and C. D. Waldon reported 
on the activities of the attendance 
committee, while E. R. Gauley gave 
a report on the entertainment activi- 
ties of the year. 

V. J. Jenkinson, chairman of the 
program committee then gave a de- 
tailed report of the meetings during 
the past year, and suggested a short 
five-minute coffee talk at future 
meetings, which met with approval. 

F, C. Moore, chairman of the 
auditors committee, made a report 
as to the financial standing of the 
chapter, and then called upon H. G., 
Hill of his committee, who explained 
to the Chapter exactly where their 
Chapter dues are applied. 

D. O. Price extended a vote of 
thanks to all the committees for their 
splendid work on behalf of the Chap- 
ter. President Tasker then presented 
a $100.00 Dominion of Canada Vic- 
tory Loan Bond to H. R. Roth in 
appreciation of his services rendered 
as secretary for the past 12 years. 

President Tasker then turned the 
meeting over to Mr. Gauley, who 
acted as master of ceremonies to in- 
troduce the old timers. Mr. Gauley 
outlined the founding of the Society 
in 1894 and dramatically traced 
the growth of the Society since that 
time. He then called upon the Chap- 
ter’s oldest member, Arthur S. 
Leitch, who spoke on the founding 
of the Ontario Chapter on May 5, 
1922. Mr. Leitch outlined the diffi- 
culties experienced in forming an 
active chapter in Ontario, which was 
very interesting to the younger 
members. 

M. F. Thomas, the first president 
of the Ontario Chapter, was then 
called upon and gave many interest- 
ing reminiscences of the first few 
years of the Chapter and its activi- 
ties. A. J. Dickey spoke on the 
growth of the Society and industry 
and the important part it is playing 
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in Canada today. The last old timer 
to speak was H. H. Angus, who 
spoke briefly on the forming of the 
research bureau and what it has 
meant to the Society. He also out- 
lined the early days when the stand- 
ards of heating and _ ventilating, 
which are every day practices today, 
were not established. He also 
brought out the self sacrifice of the 
early members, both in time and 
finances, and then told of the growth 
of the Society’s publications. 

Mr. Gauley pointed out the fast 
growth of the Ontario Chapter 
within the last few years, and called 
upon R. W. Bayles, chairman of the 
membership committee, who re- 
ported for his committee. 

It was moved and seconded that 
the nominations for new officers be 
closed, and a motion to cast a single 
ballot to unanimously elect the bal- 
lot proposed was made, duly sec- 
onded and passed, and the following 
were elected for the coming year : 

President—D, O, Price 

VicePresident—W. C. Kelly 

Secretary-Treasurer—H. R. Roth 

Board of Governors—E. R. Gauley, A. S. 
Morgan, H. G. Hill, C. Tasker, Ex-Officio, 

President Tasker then turned the 
gavel over to the incoming presi- 
dent, who expressed his gratitude 
for the opportunity of serving the 
Chapter as president. President 
Price then presented retiring Presi- 
dent Tasker with a certificate of 
high esteem and appreciation of the 
Chapter for the excellent way he 
conducted the activities of the Chap- 
ter during the past year. 


S. H. DOWNS VISITS 


NEBRASKA 


March 10, 1942. The regular 
meeting of the Nebraska Chapter 
was held at the Hotel Fontenelle, 
Omaha, Nebr., and was called to 
order by Vice-Pres. C. E. Wiser. 

Vice-President Wiser introduced 
S. H. Downs, Kalamazoo, Mich., 
Second Vice-President of the So- 
ciety, who addressed the gather- 
ing on suggested sources of new 
members, and in the course of his 
discussion he brought out the perti- 
nent fact that research conducted 
by the Society during peacetime 
was directly in line with the present 
wartime needs and could be used in 
war production, even though it had 
originally been produced for use un- 
der peace occupations 

Mr. Downs then turned to the 


main topic of his talk which 
the subject of Flow of Gases in | 
ous Systems. He pointed out 
resistance to flow of gases was 
portional to the temperature c! 
and indicated that considerable 
in resistance would occur for 
perature rises above 130 F 
error enlarging rapidly from 2) 
600 F. 

Following an open discussi 
which Mr. Downs responded 
many questions, the meeting 
journed at 9:45 p. m. 


PRESIDENT EASTWOOD 
ADDRESSES KANSAS CIT) 
CHAPTER 


April 6, 1942. 
ing of the Kansas City Chapte: 
held at the President Hotel with 25 
members and guests attending 
buffet supper preceding the me 
Pres. Gustav Nottberg opened 
meeting, and the minutes of 
March meeting were read and 
proved. 

Following the treasurer’s repo 
Vice-Pres. M. M. Rivard discuss: 
the plans for the May meeting whi 
was to be a question and answ 
type meeting. 

Vice-President Rivard then int: 
duced the guest, E. O. Eastw: 
Seattle, Wash., President ot 
ASHVE, who presented a ver) 
teresting discussion of aerodynai 
problems including a detailed discus 
sion of wind tunnels. He point 
out that recent work is of a « 
dential nature so that details coul 
not be divulged. However, he dis 
cussed the use of 
simultaneous data readings as a dt 
cided advancement in the art of wind 
tunnel testing methods. He pri 
sented an interesting set of slides 
covering his subject and also illus 
trated many of the latest type au 
planes used by the Army and Navy 

After a general discussion of the 
subject the meeting adjourned. 


The regular ; 


photograph 


ATLANTA MEMBERS MEET 

April 7, 1942. Following the 
usual dinner the meeting was called 
to order by Pres. L. F. Kent, at th 
Biltmore Hotel, Atlanta, Ga., and 
the minutes of the previous meeting 
President Kent asked 


iVe 


were read. 
for committee reports and then g 
some very interesting data on a | 
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sed aircraft plant to be built in 
e South. 

The speaker of the evening, C. L. 
emplin, was introduced and gave 

thorough discussion on the sub- 
ct Packaged Air Conditioning 
nits, Their Design, A pplication, 
id Difficulties. He divided his talk 
to two broad classifications, com- 
it application and industrial appli- 
ition. He mentioned that the self 
ntained units for comfort use have 
| wide industrial application, and 
re extensively used in manufactur 
ng plants. 

The highlight of Mr. Templin’s 
presentation was the self contained 
unit which was set up in the meeting 
eom and connected to an electrical 
supply. At the completion of Mr 
femplin’s talk the unit was disman 
tled so that the unit could be seen 
while functioning, and Mr. Templin 
hen explained in detail exactly how 
it worked. It was an enlightening 
presentation and thoroughly enjoyed 
hy everyone 

At the conclusion of the meeting 
President Kent told of his visit with 
Prof. Montgomery Knight, Aero- 
nautical School, Georgia Tech., and 
a demonstration of a_ helicopter 
The meeting adjourned at 10:15 


D. MW. 


RADIANT HEATING 
DISCUSSED AT 
WVASSACHUSETTS 


April 21, 1942. Pres |. W. Brin- 
ton called the April meeting of the 
Massachusetts Chapter to order at 
the Massachusetts Institute of Tech 
nology with 45 members and guests 
present, and called for Chapter nom 
inations for the Board of Governors. 

The secretary then read the list 
of nominations as follows: W. J. 
\hearn, D. M. Archer, F. R. Ellis, 
G. B. Gerrish, W. A. McPherson 
and B. B. Howes. 

F. D. B. Ingalls was introduced 
as a newly elected Life Member of 
the Society, followed by a report by 
the treasurer. 

D. J. Edwards introduced Lt. E. 
|. Rodee, Quincy, Mass., who told 
of his experiences with four radiant 
heating installations. He brought 
out many interesting points, and fol- 
lowing a lengthy discussion a rising 
vote of thanks was extended to 
Lieutenant Rodee, and the meeting 
ljourned. 


CONNECTICUT MEMBERS 
HEAR MERRILL BLANKIN 


March 10, 1942. The Connecticut 
Chapter of the Society held its regu 
lar meeting at fhe Algonquin Club, 
Bridgeport, Conn., and was attended 
by 30 members and guests. 

Following dinner Merrill F 
Blankin, Philadelphia, Pa., First 
Vice-President of the ASHVE, gave 
an illustrated talk on the subject of 
Vodern Hot Water Heating Pra 
tice. An interesting discussion fol 
lowed, and from the report from the 
Chapter, Mr. Blankin’s talk was 
thoroughly enjoyed, and after a vot 
of appreciation to the speake r the 
meeting was adjourned, with the 
unanimous feeling of a_ successful 
meeting. 


ILLINOIS ASRE AND ASHVE 
HOLD JOINT MEETING 


lpril 16, 1942. The April meet 
ing of the Illinois Chapter held 
the Northwestern lechnological In 
stitute, Chicago, was a joint meeting 
with the Chicago section of Amer 
can Soctety of Refrigerating En 
gineers. Dinner was served at the 
Institute to 215 members and guests 
of the two organizations 

Following dinner, Prof. B. H 
lennings, professor of mechanical 
engineering at Northwestern Uni 


awe 

~ 
1 
} 


versity and a member of the Chica 
section of the 4SR/ indiaieads 
group to the Institute and called on 
I. EK. Brooke, president of the Illi 
nois Chapter of the ASHVE. Presi 
dent Brooke introduced the officers 
both chapters and adjourned the 
meeting to the new Institute Audi 
torium where Dr. L. W. Wallace 
delivered a timely address on the 
subject of research in industry. 

Dr. Wallace not only brought out 
the many fields for research in war 
time industry, but emphasized the 
fact that industry must also continut 
research for peacetime requirements 
with a view to post-war conditions 
and final settlement of world peace. 

Dean ©. W. Eshbach, Dean of 
engineering at the Institute, then 
described the construction of the 
building and its facilities for the 
various engineering schools housed 
in it. 

Following these talks, members of 
the Engineering Staff of the Insti 
tute conducted the guests in small 
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groups on an inspection tour of the 


building. 

Phe joint meeti as 1 b 
M. W. Bishop, secretary of the Illi 
nois Chapter of the Society, wa 
most successful and the inspectior 


tour was interesting and instructive 


DELTA STUDIES SHELTER 
PROBLEMS 


lpril 14 QJ 2 L he evulal - 
ing ol the Delta | hapter was held 
at Arnaud’s Restaurant, New ©: 
leans, La., with 49 members 


guests present 


Phrough the Courtesy) \\ 
(ster, a technicolor sound proj 
tion hlm was secured entitled 
sign of a Modern Steam Generat 
\ great deal of information of s] 
cial interest to the membet 
contained in the film, which was 
considered a special featur: 

eting. 

\ report was mad by G \] 
stating that the Office ( 
Defense in New Orleans had 
cepted the Delta ¢ hapter's offer 
act in the consulting Capacity W 
regard to ventilation proble is 
ing out of air raid shelter work \ 
committee of Delta members 
been formed and they are stud 
all available data from [éngland a1 
other sources including intormat} 


supplied by W. H. Carrier. This 


information is being studied wit] 
view of recommending steps appli 
able to the local situation in New 
(Orleans. 

The entire ¢ haptet members! 1] 
has showed its approval of th 
change from evening to noon meet 
ings for the duration, as reported 
by L. V. Cressy, secretary of the 
Delta Chapter. 


CIVILIAN DEFENSE 
OUTLINED AT MINNESOTA 


April 6, IQJ2 The regulat 
monthly meeting of the Minnesota 
( hapter ot the Society was held : 
the St. Paul Hotel, St. Paul, Minn 
with 39 members and guests present 
\fter a smorgasbord dinner, Pres 
H. M. Betts introduced Commis 
sioner Gus Barfuss, St. Paul. as 
the speaker of the evening 

The Commissioner discussed the 
program being inaugurated for ( 
vilian Defense and showed sound 


movies of the incendiary bomb. as 











; 
; 
’ 
; 











; 
' 








well as pictures of recent bombings 
in London and Pearl Harbor. 

The minutes of the March meet- 
ing were approved as read, followed 
by a discussion of the program of 
events planned for the Semi-Annual 
Meeting of the Society in June. R. 
I. Backstrom, General Chairman of 
the Committee on Arrangements for 
this meeting, explained the part the 
various committees will play in 
making this event a success. 

M. H. Bjerken, chairman of the 
nominating committee for the 
Minnesota Chapter for the year 
1942-43, gave his committee’s report 
as follows: President—William Mc- 
Namara; Vice-President—D. B. 
Anderson; Secretary-Treasurer—]. 
F. Stafford. Mr. Stafford then ex- 
pressed his regrets that he could not 
accept the nomination, due to cir- 
cumstances beyond his control, but 
it was suggested that he give the 
matter further consideration and ad- 
vise the Chapter later. The meeting 
adjourned at 9:30 p. m. 


FUTURE RAILROAD CARS 
TOPIC AT SOUTHERN 
CALIFORNIA 


April 1, 1942. The regular meet- 
ing of the Southern Califormia 
Chapter was held at  Eaton’s 
Chicken House, Los Angeles, and 
50 members and guests attended. 
Pres. A. J. Hess called the meeting 
to order and called for reports from 
the various committee chairmen. 

The nominating committee pre- 
sented the following slate of officers 
for the 1942-1943 season: President 
—H. H. Bullock; Vice-President— 
W. O. Stewart; Treasurer—C. H. 
Weber and Myron Kennedy were 
both nominated; Secretary — Leo 
Hungerford. 

After the business session the 
meeting was turned over to Mr. 
Bullock, chairman of the program 
committee, who introduced Dr. 
Fred C. Lindual, California Insti- 
tute of Technology. Dr. Lindual 
spoke on the new pendulum sus- 
pended railroad cars and methods 
of applying air conditioning and 
ventilation. It was the consensus of 
opinion, at the conclusion of Dr. 
Lindual’s remarks, that this will be 
the future method of building rail- 
road cars and will add greatly to 
the speed and comfort of riding by 
rail. An appropriate film entitled 
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Railroading followed Dr. Lindual’s 
talk, which was an all-colored 
film showing the progress of rail- 
roading from the beginning up to 
the present era. The meeting ad- 
journed at 10:45 p. m. 


AIRCRAFT DESIGN STUDIED 
AT WESTERN NEW YORK 


April 8, 1942. Pres. W. R. Heath 
presided at the April meeting of the 
Western New York Chapter, and 
the reading of the minutes opened 
the business session, and these were 
approved as read. G. E, Adema re- 
ported on the annual dance held in 
February and thanked his commit- 
tee members for the splendid co- 
operation they gave to him. 

H. C. Schafer, chairman of the 
joint meeting with the Ontario 
Chapter at Niagara Falls in March, 
submitted his report and thanked 
his committee for their support in 
making this meeting such a success. 
The members voiced their opinion 
that this type of meeting should be 
an annual function between the two 
chapters. 

M. C. Beman reported for the 
Board of Governors and presented 
the list of candidates to be elected in 
May to serve as follows: President 
—H. C. Schafer; rst Vice-President 

S. M. Quackenbush; 2nd Vice- 
President—S. W. Strouse; Treas- 
urer—B. C. Candee; Secretary— 
Herman Seelbach, Jr. In accord- 
ance with the By-Laws President 
Heath asked for any other nomina- 
tions from the floor. It was moved 
and duly seconded and passed that 
the nominations be closed and the 
slate be placed before the member- 
ship for election in the usual order. 

President Heath then explained 
to the members that owing to the 
fact that Prof. E. O. Eastwood was 
taken ill in Kansas City, it was not 
possible for him to be their guest. 
Many regrets were expressed in 
this announcement, and President 
Heath then introduced Frederic 
Flader, chief engineer in charge of 
aircraft design for a well known 
corporation and president of the 
Aero Club of Buffalo, who very 
kindly accepted the last minute in- 
vitation to address the Chapter in 
Professor Eastwood’s place. Mr. 
Flader presented a very interesting 
discussion, illustrated with black- 
board diagrams, showing changes 


and improvements effected in 
craft design as between the ori; 
model flown at Kittyhawk and 
present day aircraft. He poi 
out that, while there were no 
tial differences in principle as 
tween the old and the new air 
the great improvements had 
through streamlining, power 
design, variable pitched prope! 
etc., which had tended to dec: 
the drag and increase the e: 
performance. He also vividly 
trated the tremendous increas 
fire power of military machin 
between the First World War 
the present equipment. His 
was most instructive and wel! 
ceived by the entire membershi 

A record turn-out of mem! 
and invited guests expressed t! 
selves as having been well satisti 
with the program offered, althoug 
deep regret was expressed ove: 
unfortunate illness of Professo; 
Eastwood. 


GOLDEN GATE HEARS 
PRESIDENT EASTWOOD 


April 4, 1942. In the absenc: 
Pres. C. E. Bentley, Vice-Pres 
Jared Hill took the chair and call 
the April meeting to order in 
Bellevue Hotel, San Francis: 
Calif., with 26 members and guest 
in attendance. 

The acting chairman called o1 
H. Peterson and R. A. Folsom t 
introduce the guests, followed by 1 
minutes of the previous meetii 
which were approved as read 

After the report by the treasur: 
G. M. Simonson, chairman of t! 
nominating committee, which was 
appointed at the February meeting 
submitted the report from the non 
inating committee recommending t! 
following officers: President—]. F 
Kooistra; Vice-President —R. A 
Folsom; Secretary—C. L. Peter 
son; Treasurer—R. B. Holland; 
Board of Governors: James Gaynet 
Mason Emanuels and Oliver Jo! 
son. 

The chairman called for nomina 
tions from the floor, and there being 
none, instructed the secretary to! 
the ballots to the membership, an 
appointed Messrs. P. R. Babcock, 
E. H. Goins and F. W. Hook as 
tellers to record the ballot at 
annual Chapter meeting. 

Mr. Hill as chairman of the p 
gram committee presented a most 


| 
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resting technicolor film showing 
entire history of the discovery 
production of aluminum. It was 
educational and was enjoyed 


é videnced by the discussion. The 

eting adjourned at 1:45 p. 

Varch 4, 1942. The March meet- 

was held at the Bellevue Hotel, 
Son Francisco, and the minutes of 
the January meeting were dispensed 
with. A nominating committee was 
ppoimted by President Bentley con 
sisting of G. M. Simonson, chair- 
man, R. A. Hudson and N. H. 
Peterson. 

E. W. Simons reported on the 
committee appointed to confer with 
the San Francisco Civilian Defense 
Council offering assistance of the 
Conferences were held 
Messrs. 


Chapter. 
with Mr. Litchfield by 
Simons and Kooistra. 

President Bentley then reported 

the Annual Meeting of the So 
ciety in Philadelphia and emphasized 
the necessity of an active chapter 
with fully paid-up membership. 

Mr. Hill mentioned that he was 
endeavoring to get Major Osborne, 
\ssistant Coordinator of the 9th 
\rea Civilian Defense, to address 
the Golden Gate Chapter on the 
relation of the heating and ventilat- 
ing engineers to Civilian Defense 
problems. 

Prof. E. O. Eastwood, President 
of the Society, was the guest of the 


evening and was introduced by Mr 
Hill. Professor Eastwood's subject 
was Heating and Il entilation of 
Modern 


ences to Society activities. He illus 


Aircraft, with side refer 


trated his talk with a number of 
slides, showing flight of birds, insects 
and aircraft and the use of the wind 
tunnel at the University of Wash 
ington. It was an extremely inter 
esting talk and was thoroughly en 
joyed by all present. The meeting 
adjourned at 2:00 p. m 


SOLAR HEAT DISCUSSED AT 
WASHINGTON, D. C. 


April 8, 1942. The regular meet 
ing of the Washington, D. C., Chap 
ter was held at the Dodge Hotel, 
with 25 members and guests in at 
tendance Following the regular 
order of business and the reports 
from the various committee chair 
men, the meeting adjourned to the 
Garden House where Squadron 
Leader R. L. Winterburn of the 
R.A.F. gave an extemporaneous 
talk on the effect of war on the en 
gineering profession England 

a =e Holder then delivered a 
very instructive talk on Reduction 
of Solar Heat Load by Water 
Spray, and presented numerous 
charts and pictures illustrating his 
Statement that a properly designed 


root spray system, adequate] 
trolled, would materially impr 


temperature conditions of ( 


immediately under the roof as well 


as retard the disintegration of the 


root surface itsell 

J H, ( lark, acting chairmat 
the nominating committee, a 
nounced that the nam f the 
lowing had been placed in nomn 
tion for officers for the coming veat 


President h = Dall bace-f) 
dent—F. M. Thunev;: Sec 
| \\ Markert: Treasure) | b> 


Sale: Board of Governors—|] \ 
Leser, S. L. Gregg, W. H. Littl 
ford 

The Chapter approved a motiot 
to have the chairman ( nec 


ings committee present tor the ay 


roval of the Chapter at the next 
| | 


meeting, an instruction sheet 


acquaint guest speakers with the 


ethics of the Society and o 
Washington, D. C., Chapt 
President Leser presented a bea 
tifully embossed holder for the mu 
utes of the Chapter meetings, ane 
the secretary was intructed to set 
a letter of appreciation to | 
Commdr. T. H. Urdahl, who do 


; 


nated the book. The secretary als 


thanked President Leser for his part 


i 


in having the book embossed wit! 


the Chapter’s name. The meeting 
was declared adjourned at 10:00 


p. m., according to Fk. M. Thun 








Candidates. for Membership 








The Constitution of the Society, as now amended, requires the following mode of procedure in voting on applicants for mem- 


bership in the Society. 


All applications for membership are to be sent to the Secretary and the names of applicants and their refer- 


ences shall be printed in the next issue of the JouRNAL of the Society or sent to the members in other approved manner as ordered 
by the Council. When replies are received from references, the Candidate’s application shall be submitted to and acted upon by the 
Committee on Admission and Advancement as soon as possible. 

When the Committee on Admission and Advancement has acted favorably upon a Ca 
grade, the Council shall vote upon the election of the proposed Candidate for membership by letter ballot. During the past month 
32 applications for membership have been received and the names of these men and their sponsors are published in the following list 

Members are requested to scrutinize the list with care. The Committee on Admissi 
Council, urge the members to assume their share of responsibility of receiving these candidates into membership by advising the 
Secretary promptly of any whose eligibility for membership is in any way questioned. 

All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is the 


duty of every member to promote. 


ndidate’s application and assigned his 


on and Advancement, and in turn, the 


Unless objection is made by some member by June 15, 1942, these candidates will be balloted upon by the Council Thos 
elected to membership will be notified by the Secretary immediately after election 
. REFERENCES 
CAN DIDATES Proposers Seconders 
\LVAREZ, JoAguiIn, Jr., Engr., Pittsburgh Lectrodryer Corp., G. L. Simpson H. E. Zankey (Non-mes 
Pittsburgh, Pa. W. E. Moore (ASME) H. G. Heath (Non-men 
\wprews, Witxt1aM R., Asst. Megr., Ross Engineering of Canada, x. R. Noyes \. F. Hamlet 
Ltd. Montreal, Que., Canada. C. W. Johnson Leo Garneau 
Baker, THomas A., Vice-Pres., Baker Specialty & Supply Co., H. A. Thrush K. T. Davis 
Logansport, Ind. W. R. Stockwell \. G. Dixon 
Bazzont, Joun P., Mech. Engr., G. P. » Co., Biloxi, Miss. \. R. Salzer, Jr J. J. Friedler, J: 
: G. C. Kerr N. J. Helwick 
BLancHARD, Norris M., Western Sales Mer., L. J. Mueller D. D. Williams C. E. Wiser 
Furnace Co., Milwaukee, Wis. H. W. Stanton B. G. Petersen 
Bowen, Leroy F.. Mer. (Htg. Div.) Gate City Petroleum Co., J. B. Fehlig, Jr. F. F. Dodds 
E. K. Campbell J. M. Arthur 


Kansas City, Mo. 
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CANDIDATES 


Bryner, Joun J., Chief Engr., Roosevelt Hotel, New Orleans, 
A. 

CLARKE, JOHN H., Marine Engr., U. S. Maritime Commission, 

_ Washington, D. C. (Advancement) 

CuttinG, Ricnarp H., Archt.-Engr., Garfield, Harris, Robinson 
& Schafer, Cleveland, O. 

FaGaNn, LAwRreNcE E., Sales Engr., Chatham Malleable & Steel 
Products Ltd., Toronto, Ont., Canada. 

Fintay, Atvin E., Htg. Engr., Portland Gas & Coke Co., Port- 
land, Ore. 

Harris, Warren S., Research Engr., University of Illinois, 
Urbana, IIl. 

Hoiven, Rosert G., Mech. Engr., Wilbur Watson and Asso- 
ciates, Ravenna, O. 

Hurr, JaMes M., Mgr. (Mech. Dept.), Robert & Co., Inc., 
Corpus Christi, Tex. (Reinstatement) 

LocuMAN, Epwarp W., Owner, Edward W. Lochman Co., Kan- 
sas City, Mo. 

MaAcF arctan, Norris §S., Sales Engr., Philadelphia Gas Works 
Co., Philadelphia, Pa. 


McFartan, Avpen L, Sales Engr., Kerby Saunders, Inc., New 
York, N. Y. 

Morcan, Epwin H., Jr., Draftsman, Chemical Construction 
Corp., New York, N. Y. 

PATTERSON, FRANK H., Sales & Service Engr., Hoffman Spe- 
cialty Co., Indianapolis, Ind. (Retnstatement) 


Pearson, Frep L., Asst. Chief Mech. Engr., Giffels & Vallet, 


Inc., Detroit, Mich. (Reinstatement) 
Rogerts, Epwarp F., Jr., Partner, Edward F. Roberts Co., 
Philadelphia, Pa. (Reinstatement) 


Scuucern, Lars E., Sales Engr., Economy Electric Manufac- 


turing Co., Chicago, III. 

SHELBY, ALEXANDER W., Engr. & Partner, Shelby-Skipwith, Inc., 
Memphis, Tenn. 

SueELpon, Rosert W., Sales Engr., The Lake Shore Gas Co.. 
Ashtabula, O. 

Sour, JoHN P., Mech. Engr., Federal Shipbuilding & Dry Dock 
Co., Newark, N. J. 

Triece., Ertcu V., Mech. Engr., Francisco & Jacobus, New 
York, N. Y. 

Tutt, Ricuarp D., Air Conditioning Engr., General Motors 
Corp. (Allison Div.), Indianapolis, Ind. 

WaGner, Witeur J. O., Owner, Wagner Temperature Store, 
Jefferson City, Mo. 

WANGSGAARD, Dee, Prop., Wangsgaard Coal & Stoker Co., 
Logan, Utah. 

Weiss, Epwarp J., Asst. Industrial Air Cond. Engr., General 
Electric Co., Schenectady, N. Y. 

WIEDENMANN, WILLIAM A., Owner, W. C. Wiedenmann & Son, 
Kansas City, Mo. 

WILLIAMSON, CHester C., Operator, H. J. Heinz Co., Pitts- 
burgh, Pa. 





REFERENCES 
Proposers Seconders 
W. H. Dudley, Jr. G. C. Kerr 
G. E. May John Devlin 
F. A. Leser R. S. Dill 
F. M. Thuney G. R. Walz 
L. T. Avery G. P. Nachman 
J. P. Jones P. D. Gayman 
G. C. Kemp H. R. Roth 
V. J. Jenkinson F. C. Moore 
B. W. Farnes T. E. Taylor 
E. E. Carroll J. D. Kroeker 
M. K. Fahnestock S. Konzo 
A. P. Kratz W. H. Severns 
C. F. Eveleth R. A. Wilson 
L. H. Pogalies N. H. Hall 
L. S. Gilbert L. C. McClanahan 
T. H. Anspacher J. A. Bishop 
P. C. Leffel M. M. Rivard 
L. A. Stephenson W. L. Cassell 
Mortimer Traugott A. B. Eckert (Non-me) 
A. G. Dome F. W. Thernholz 


(Non-member) 


H. J. Ryan R. A. Wasson 

R. R. Ferguson D. A. MacWatt 

A. H. Bermel F. E. W. Beebe 
L. B. Ray James Tiernan 

M. F. Blankin Ferdinand Jehle 
M. C. Gillett M. B. Shea 

T. S. Lovell (ASME) Cc. E. Stillson (ASCE) 
Herman Cohen (ASME) J. J. Hayes 

M. F. Blankin C. F. Dietz 

H. H. Erickson A. E. Kriebel 

V. L. Sherman E. H. Wendt 

J. W. Mabbs (Non-member) M. K. Arenberg 

J. R. Hertzler S. F. Nicoll 

L. J. DuBois V. T. Kartorie 

J. A. Schurman W. R. Beach 

C. A. McKeeman R. W. Geltz 

L. C. Soule W. E. Heibel 

W. H. Carrier W. L. Fleisher 

O. O. Oaks Joe Wheeler, Jr. 
Henry Gitterman M. F. Rather 

G. B. Supple R. A. Stuart (Nen-men 
E. S. Hildreth S. E. Fenstermaket 
F, J. Dean, Jr. Carl Clegg 

P. C. Leffel K. M. Stevens 


Delbert Berntson (Non-member) B. B. Blair (Non-men 
W. R. Tolman (Non-member) E. M. Stock (ASCE) 


R. B. Taylor ai S. Leibson ( Non-men 
C. E. Hunziker C. A. Linden (A/JEE) 
W. L. Cassell J. B. Fehlig, Jr. 

N. W. Downes P. C. Leffel 

E. C. Smyers W. H. Reed, III 

T. F. Rockwell F. C. McIntosh 








(Candidates. lected 
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In the past issues of the JOURNAL of the Society the names of the following men were listed as Candidates for Membership 
membership grade of each Candidate has been assigned by the Committee on Admission and Advancement and balloted upon by | 
Council. We are now instructed by the Council to post herewith, as required by Art. B-III, Sec. 8, of the By-Laws, the foll: 


ing list of candidates elected: 
MEMBERS 

Bropie, AARon H., Pres., J. Brodie & Son, Inc., Detroit, Mich. 

CuHappeLtL, Henry _D., Mech. & Elec. Engr., Burroughs Adding 
Machine Co., Detroit, Mich. (Retnstatement) 

Dropkin, Davin, Instructor, College of Engrg., Cornell Uni- 
versity, Ithaca, N. Y. 

DuKEHART, Morton Mcl., Proprietor, Morton MclI. Dukehart 
& Co., Baltimore, Md. 

E_tincson, E. T. Patmer, Consulting Engr., Oklahoma Archi- 
tects, Oklahoma City, Okla. 

Goutp, Henry E., Partner, Natkin & Co., Kansas City, Mo. 
( Reinstatement) 

Hamitton, M. S., Dist. Mgr., Minneapolis-Honeywell Regulator 
Co., Pittsburgh, Pa. 

Hastines, Apprson B., Asst. Secy.-Sales Engr., Burnham-Boiler 
Corp., Irvington, N. Y. 
Hepeen, Laurer FE., Associate Engr., M. L. Todd & Associates, 

Waterloo, Ia. (Advancement) 
Jennincs, Burcess H., Prof. Mech. Engrg., Northwestern Tech- 
nological Institute, Evanston, III. 


Fee ee ener ee Cte? * ee 4 


Mappen, Atrrep B., Mgr. (Htg. Div.), Crane Ltd., Mont 
Que., Canada. 

McCaut, Lynn K., Sales Ener., The Coon-Devisser Co., Det 
Mich. 

Musser, Joun M., Engr. (Htg. & Vtg.) U. S. Engin 
Rome, N. Y. 

NortH, CLareENcE P., Chief Engr., Campbell Heating C 

Moines, la. 

Orear, Anprew G., Trade-wind Motorfans, Inc., Los Ang 
Calif. (Reinstatement) 

Reisperc, Lester K., Vice-Pres. Goodin Co., Muinneap 
Minn. (Advancement) 

Sueprarp, Wauiace K., Heating Engr., The Peoples Na! 
Gas Co., Pittsburgh, Pa. 

Taytor, Tuomas E., Consulting Engr., Portland, Ore 
vancement) 


Tuomas, Ernest R., Mech. Engr., Black & Veatch, Consult 


Engrs., Ft. Smith, Ark. , 
Trickter, Eart E., Dist. Sales Mgr., New York Blowe! 
Chicago, Il. 
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Typincs, Wu11aM F., Partner, Tydings Engineering Co., De 
troit, Mich. 


Werster, WiLL1AM H. Jr., Sales, Allied Heating Products Co., 


Norfolk, Va. (Reinstatement) 
ASSOCIATES 


Auten, Witu1aM A., Vice-Pres., Sprague & Sprague, Inc., Pitts 
burgh, Pa. (Keinstatement) 


Bacon, Wit1am H. Jr., Mech. Engr., Gresham Realty Co., 


New York, N. Y. 


lonnsToN, ArTHUR K., Local Mgr., Norman S. Wright & Co., 


San Francisco, Calif. 

longs, Donatp R. A., Htg. & Air Cond. Engr., Southern Cali- 
fornia Gas Co., Visalia, Calif. 

Ketty, James C., Branch Mgr., Sullivan Valve & Engineering 
Co., Spokane, Wash. 

Moskowitz, SAMUEL, Prop., American Steam & Oil Heating 
Co., Brooklyn, N. Y. 


Parsons, Joun H., Vice-Pres., Heating & Air Conditionir 
Supply, Inc., Reno, Ney 


ITUNTORS 


CLARK, JAmes R., Asst. Chief Engr., Page & Co., Charlotte, N. | 

DANOWITZ, CHESTER J., Asst. Naval Archt., Supervisor of S 
building, U. S. N., Camden, N. J 

Gross, Lester, Construction Supt., General Installation ( St 
Louis, Mo 

Ketty, Francis C., Heating Engr Kelly & Cracknell Lt 
Toronto, Ont., Canada 

Metton, Rupert D., Asst. Engr., Page & Charlotte, N. ( 

Zyxpa, Joun R., Chief Engr. & Partner, Tydings [-ngine 


Co., Detroit, Mich 
STUDENT 


Cor, Seymour A., Student, Pratt Institute, Brooklyn, N. \ 





Officers, Councul and 











AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 
51 Madison Ave., New York, N. Y. 


OFFICERS 


.E. O. Eastwoop 


n,n ce gas enh tees seeveccesenesecenesce 
ESSERE A PEPEPETET PTET OTT TTL TT M. F. BrLankin 
Second Vice-President........+.- sh inaatheoetcuadmeiis mer ae 
i. eer Vie gidhennedeneddehesenes 6ieas E. K, Campspett 
cc cc cehabns opdEcereeseeeeereeeds A. V. Hutcuinson 
Technical Secretary... csccccccccccesscccesess rr ..Joun James 


CouNCIL 


E. O. Eastwoop, Chairman M. F. Branxin, Vice-Chairman 


Three Years: L. G. Mitrer, A. J. Orrner, A. E. Stacey, Jr., B. M 
Woops. 

Two Years: A. P. Kratz, W. A. Russett, L. P. Saunpvers, C. Tasker 
One Year: J. F. Corztns, Jr., W. L. Fretsnmer, E. N. McDonwne tt, 
T. H. Urpaut, C.-E. A. Winstow, F. C. McIntosu, Ex-Offi 


CounciL COMMITTEES 


Executive—W. L. Fleisher, Chairman, A. J. Offmer, A. E. Stacey Jr. 
Finance—E. N. McDonnell, Chairman, J. F. Collins, Jr., C.-E. A. Winslow 
Membership—W. A. Russell, Chairman, M. F. Blankin, B. M. Woods. 
Standards—S. H. Downs, Chairman, L. G. Miller, C. Tasker. 
Meetings—A. P. Kratz, Chairman, L. P. Saunders, T. H. Urdahl 


Apvisory CoUNCIL 


W. L. Fleisher, Chairman; Homer Addams, D. S. Boyden, W. H. Carrier, 
S. E. Dibble, W. H. Driscoll, F. E. Giesecke, H. P. Gant, E. Holt 
Gurney, John F. Hale, L. A. Harding, H. M. Hart, C. V. Haynes, 
E. Vernon Hill, John Howatt, W. T. Jones, D. D. Kimball, G. L. Larson, 
S. R. Lewis, Thornton Lewis, J. I. Lyle, J. F. McIntire, F. B. Rowley 


and A. C. Willard. 
SrEcIAL COMMITTEES 


Admission and Advancement—Earle W. Gray, Chairman (one year); E. P 
Heckel (two years), T. T. Tucker (three vears) 

ISHVE-IES Joint Committee on Lighting and Air Conditioning—U. M 
Sharp, Chairman; W. R. Beach, B. C. Candee, W. G. Darley, C. I 
Kribs, Jr.. P. M. Rutherford, Jr 
hapter Relations—-J. F. Collins, Jr., Chairman; Lincoln Bouillon, M. M 


Rivard 


‘onstitution and By-Laws—Albert Buenger, Chairman, L. T. Avery, R. H. 
Carpenter. 


mmittce on Code for Testing Surface Coils for Heating and Cooling 
(. A. McKeeman, Chairman; Tom Brown, E. L. Hogan, H. F. Hutzel 
I Ek, Moody, A. F. Nass, S. F. Nicoll, M. Noble, I P. Saunders, and 
D. C. Wiley 

mmuttee on Safety Regulations for Heating, Ventilating and Atr Cor 
ditioning Systems N. A. Hollister, Chairman; F. H. Buzzard, B. I! 
McLouth, G. P Nachman, and C. H Randolph. 

mmittee on ASHVE Code for Testing Air Cleaning Devices—John 
Howatt, Chairman O. W. Armspach, J. L. Blackshaw, RK. S. Dill. S. P 
Eagleton, S. R. Lewis, Arthur Nutting, G. W. Penney, F. B. Rowley, 
|. H. Waggoner, and Dr. Leonard Greenburg, Ex-Officio 

wide Publication—A. J. Offner, Chairman, P. D. Close, S. Konzo, C. 
S. Leopold, G. L. Tuve. 


F. Paul Anderson Award—M. F. Blankin, Chairman, W. H. Carrier, J 
Kroeker, J. F. McIntire, F. B. Rowley. 
r 4 momittce , fandards for jv ‘ ~ 
man; R. S. Dill, S. H. Downs, I. | Dryden, J. 4: 1, « M 
Ir. R. K. Thulman, T. H. Urdal nd H. V 
nt Commuattee to Stud ly ; Wer i i 
’. D. Close, Chatrmas aX F&F wer | PrP. Mag G 
ss Nass 
nt Committee on lh eather Statist ] ] ( ' ] 
nay I H. Dewey BI, « M. H revs, ASHVI S 
VWAHACA, Raymond Littl iGA, Dr. |} iillen Smit! 
Publicatios James Holt, Chatrmar ne car ( H B iH 


years), JT. H. Walker (three years 
ww «Service ommitte B. M. Woods, Chasrma: W \ 
W. L. Fleisher, E. Holt Gurney, Thornton Lewis 


NOMINATING COMMITTEE 1942 


Chapter Representative {lternate 
Atlanta ? ey Pscker A. H. Kocl 
Cincinnati C. E. Hust Albert Buenger 
Connecticut L. E. Seeley Stanley Hart 
Delta L. V. Cressy 1. S. Adair 
Golden Gate Cc. E. Bentley 
Illinois M. W, Bishop E. M. Mittendorff 
lowa Perry LaRue F. E. Triggs 
Kansas City M. Rivard W. A. Russel! 
Manitoba R. L. Kent I. McDonald 
Massachusetts |. W. Brinton Earl G. Carrier 
Michigan J. S. Kilner M. B. Shea 
Minnesota R. E. Backstron N. D, Adams 
Montreal A. M. Peart E. W. Twizell 
Nebraska Henry Kleinkauf W. R. White 
New York Joseph Wheeler, Ir H H Bond 
North Carolina W. M. Wallace I! F. J. Rees 
North Texas R. K. Werner |. A. Bishop 
Northern Ohio ( A. McKeemar i ie: Oe 
Oklahoma 1. H. Carnahan E. F. Dawsor 
Ontario D. O. Price H. R. Rot! 
Oregon E. E. Carroll B. W. Farnes 
Pacific Northwest H. T. Griffiths M. J. Hauan 
2 re ee a H. H. Mather 
ittsbur C. M. Humphreys H. Lee M ‘ 
St. Louls C. F. Boester 1. H. Carter 
South Texas ’ A. M. Chase, Jr R. M. Spencer 
Southern California A J. Hess H. H. Bullock 
Washington, D. C, F. A. Leser r. H. Urdahl 
Western Michigan B. F. McLouth L. G. Miller 
Western New York W. R. Heath 
Wisconsin W. A. Ouweneel D. W. Nelson 


CoMMITTEE ON RESEARCH 

i ; _F. C. McInrosu, Chairman 
C.-E. A. Winstow, Vice-Chairman F. C. Hovcnuten, Director 
J. H. Watxer, Technical Adviser A. C. Freconer, Ex-Officio Member 

Three Years: C. F, Borster, J. A. Gorr, W. E Heiser, C. A. McKee 
MAN, C.-E. A. Winstow. 

Two Years: C. M. Asucey, M. K. Fauwnesrocx, H. Kinc McCay. F. C 
McIntosu, T. H. Urpant. 

One Year: Puitir Derinxer, Axet Manin, A. E. Stacey, Je, J. H 
Van Atssurc, J. H. Waker 

Executive Committee: F. C. McIntosh. Chairman: C. M. Ashley. M. ¥ 
Fahnestock, T. U. Urdahl. C.-} A. Winslow 

Finance Committee: C. F. Boester, Chairman 
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TECHNICAL Apvisory COMMITTEES 


1. Sensations of Comfort: Thomas Chester, Chairman; N. D. Adams, 
C. R, Bellamy, G. D, Fife, W. F. Friend, E. P. Heckel, Dr. W. J. 
McConnell, F. C. McIntosh*, A. B. Newton, B. F. Raber, C. Tasker. 


2 Physiological Reactions; C.-E. A. Winslow*, Chairman; Dr. Thomas 
Bedford, Thomas Chester, Dr. E. F. DuBois, Dr. M. B. Ferderber, 
E. P. Heckel, John Howatt, Dr. R. W. Keeton, C. S. Leopold, Andre 
Missenard, Dr. R, R. Sayers, Charles Sheard, C. Tasker. 


3. Removal Atmospheric Impurities: Dr. Leonard Greenburg, Chairman; 
J. J. Burke, J. DallaValle, R. S. Dill, Theodore Hatch, L. R. 
Koller, C. A. McKeeman*, F. H. Munkelt, H. C. Murphy, G. W. 
Penney, Dr. E. B. Phelps, F. B. Rowley, W. O. Vedder, J. H. 
Waggoner, R. P. Warren, W. F. Wells. 


4. Radiation and Comfort: J. C. Fitts, Chairman; A. H. Barker, L. M. 
K. Boelter, E. L. Broderick, R. E. Daly, J. B. Fullman, E. R. Gurney, 
L. N. Hunter, A. P. Kratz, C. S. Leopold, L. L. Munier, D. W. 
Nelson, W. J. Olvany, G. W. Penney, W. R. Rhoton, C. J. Stermer, 
C,-E. A. Winslow’. 


5. Instruments: D. W. Nelson, Chairman; L. M. K. Boelter, R. S. Dill, 
A. P. Gagge, J. A. Goff*, A. E. Hershey, F. W. Reichelderfer, G. L 
Tuve, C. P. Yaglou. 


6. Weather Design Conditions: T. H. Urdahl*, Chairman; J. C. Albright, 
H. S. Birkett, P. D. Close, John Everetts, Jr.. C. M. Humphreys, 


O. A. Kinzer, H. H. Koster, J. W. O'Neill, F. W. Reichelderfer. 


Radiation with Gravity Air Circulation: M. K. Fahnestock*, Chair- 
man; R. E. Daly, R. S. Dill, A. G. Dixon, H. F. Hutzel, J. P. 
Magos, J. W. McElgin, J. F. McIntire, T. A. Novotney, W. A. Rowe. 


8. Heat Transfer of Finned Tubes with Forced Air Circulation: W. E. 
Heibel*, Chairman; C. Ashley", William Goodman, H. F. Hutzel, 
Ferdinand Jehle, S. F. Nicoll, R. H. Norris, L. P. Saunders, R. J. 
renkonohy, G. L. Tuve, D. C. Wiley. 


%. Cooling Lead in Summer Air Conditioning C. M. Ashley*, Chair 
man; J. H. Carter, John Everetts, Jr.. E. H. Hyde, C. S. Leopold, 
( O. Mackey, R. M. Stikeleather, J. H. Walker*, W. E. Zieber 


10 lir Distribution and Air Friction J. H. Van Alsburg*, Chairma 
S. H. Downs, A. E. Hershey, . W. Kennedy, Vernon Korty, R. D 
Madison, L. G. Miller, D, W. Nelson, C. H. Randolph, M. C. Stuart, 
Ernest Szekely, R. J. Tenkonohy, G. L. Tuve 


11. Heat Requirements of Buildings: P. D. Close, Chairman; |} kK 
Campbell, I. F. Collins, Jr.. E. F. Dawson, W. H. Driscoll, H. M 
Hart, E. C. Lloyd, H. H. Mather, H. King McCain*, M. W. McRae, 
C. H. Pesterfield, F. B. Rowley, R. K. Thulman 

12. Air Conditioning Requirements of Glass: M. L. Ggrr, Chairman; 
C. M. Ashley*, L. T. Avery, F. L. Bishop, D. A Hridges, a 
Danielson, H. C. Dickinson, J. D. Edwards, J. E. Frazier, E. H. 
Hobbie, C. L. Kribs, Jr.. Axel Marin*, R. A. Miller, F. W. Parkinson, 
W. C. Randall, L. T. Sherwood, J. T. Staples, G. B. Watkins, F. C. 
Weinert. 

13. Sound Control: J. S. Parkinson, Chairman; C. M. Ashley*, W. W 
Kennedy, A. L. Kimball, V. O. Knudsen, R. D. Madison, C. H 
Randolph, A. E. Stacey, Jr.*, A. G. Sutcliffe, Thomas A. Walters, 
R. M. Watt, Jr. 

14. Cooling Towers, Evaporative Condensers and Spray Ponds: B. M 
Woods, Chairman; C. F. Boester*, W. W. Cockins, S. C. Coey, E. H. 
Kendall, S. R. Lewis, H. B. Nottage, J. F. Park, E. T. Selig, Jr., 
E. W. Simons, E. H. Taze. 

15 Psychrometry: J. A. Goff*, Chairman F. R. Bichowsky, W iH. Car 
rier, H. C. Dickinson, R. S. Dill, A. W. Gauger, William Goodman, 
A. M. Greene, Jr... L. P. Harrison, F. G. Keyes, A. P. Kratz, D. M 
Little, Axel Marin*, D. W. Nelson, W. M. Sawdon 

16. Flow of Fluids Through Pipes and Fittings: S. R. Lewis, Chairman 
L. A. Cherry, G. C. Davis, T. M. Dugan, Earle W. Gray, R. T 
Kern, H. A. Lockhart, Axel Marin*, R. F. Taylor, E. L. Weber 

17. Fuels: R. A. Sherman, Chairman; R. M. Conner, R. S. Dill, R. B 
Engdahl, A. C. Fieldner, L. N. Hunter, S. Konzo. W. M. Myler, Jr., 
H . Rose, C. E. Shaffer, T. H. Smoot, R. K. Thulman, T. H 
Urdahl*, E. C. Webb. 

18. Corrosion: A. R. Mumford, Chairman; L. F. Collins, Acting Chair 
man, H. E. Adams, N. D. Adams, J. F. Barkley, W. H. Driscoll, T. J. 
Finnegan, W. Z. Friend, W. E. Heibel*, R. R. Seeber, E. T. Selig, 
Jr., F. N. Speller, C. M. Sterne. 

19. Air Conditioning in Industry: W. L. Fleisher, Chairman; L. T. Avery, 
Dr. A. R. Behnke, Dr. Leonard Greenburg, H. P. Greenwald. W. E 
Heibel*, L. L. Lewis, Dr. W. .* McConnell, Dr. C. P McCord, 
P. A. McKittrick, Dr. R. R. Sayers, C. Tasker, R. M. Watt, Jr. 

20. Summer Air Conditioning for Residences: M. K. Fahnestock*, Chair- 
man; Emerson Brandt, EF. D. Milener, F. G. Sedgwick 


Orricers oF Locat CHAPTERS 


ATLANTA: Organized, 1987. Headquarters, Atlanta, Ga. Meets, 
Fitst Monday. President, L. F. Kent, P. O. Box 1673. Secretary, F. L. 
Laseter, 243 Peachtree St. CINCINNATI: Organized, 1932. Head 
quarters, Cincinnati, O. Meets, Second Tuesday. President, W. H. 
Junker, 6068 Dryden Ave Secretary, AwvBert Buencer, Gibson 
Hotel. CONNECTICUT: Organized, 1940. Headquarters, New Haven, 
Conn. President, W. K. Stimpson, 9 Sands St., Waterbury. Secretary, 
L. A. Teaspate, 20 Ashmun St., New Haven. DELTA: Organized, 
1939. Headquarters, New Orleans, La. Mects, Second Tuesday. Pres 
dent, G. C, Kerr, 1401 Tchoupitoulas St. Secretary, L. V. Cressy, 916 


*Member of Committee on Research. 


400 HEATING 





Union St. GOLDEN GATE: Organized, 1987. Headquarters, San F; 
cisco, Calif. Meets, First Wednesday President, J. F. Koorstra 

Market St. Secretary, C. L. Pererson, 2 Indian Rock Path, Berk: 
ILLINOIS; Organized, 1906. Headquarters, Chicago, Ill. Meets, S: 

Monday. President, E. M. Mitrrenvorrr, 956 Greenwood Ave., Winn 
Il. Secretary, A. O. May, 53 W. Jackson Blvd., Chicago 


IOWA: Organized, 1940. Headquarters, Des Moines, la. Me: 


Second Tuesday President, F. } Trices, 3901-2nd St Sec : 

M. W. Srwart 417-9th St KANSAS CIT) Organized 

Headquarters, Kansas City, Mo. Meets, Second Monday. Presid, b 
Gustav Notrrserc, 914 Campbell St. Secretary, F. J. Dean, Jr, 6 t 

Walnut St. MANITOBA: Organised, 1935. Jleadquarters, Win: 

Man. Meets, Third Thursday. President, R. L. Kent, 365 Hargr 


St. Secretary, F. L. Cnester, 179 Bannatyne Ave. MASSAC! 
SETTS: Organized, 1912. Headquarters, Boston, Mass. Meets, T) 
Tuesday. President, J. W. Brinton, 1003 Statler Bldg. Secretary, | 
Carrier, 704 Statler Bldg. MICHIGAN: Organized, 1916. H, 
quarters, Detroit, Mich. Meets, First Monday after 10th of M 
President, J. S. Kitner, 1091 Seminole Ave Secretary, W. H 
1761 Forest Ave. W. MINNESOTA: Organized, 1918. Headquarter 


Minneapolis, Minn. Meets, First Monday. President, Wirtiam McNa 
850 Cromwell Ave., St. Paul Secretary, A. W. Scuvutrz, 240 § 
Ave., S., Minneapolis 


* 2¢ @ : 


MONTREAL: Organised, 1936. Headquarters, Montreal, Que. M. 
Third Monday. President, F. A. Hamuer, 1010 St. Catherine St. W 
retary, A. M. Peart, 637 Craig St... W. NEBRASKA: Organized, 
Headquarters, Omaha. Meets, Second Tuesday. President, H. W. Sra 
2100 Ryons St., Lincoln. Secretary, G. E. Merwin, 5012 Parke: 
Omaha. NEIV YORK: Organised, 1911. Headquarters, New York, N 
Meets, Third Monday. President, Joe Wueeer, Ir., 28 | Oth St 
tary, C. R. Hiexs, 19 Westminster Rd., Great Neck, L. I. NORT! 


LINA: Organised, 1939. Headquarters, Durham, N. C. Meets, Quart 
President, FE. R. Harvinc, Box 356, Greensboro Secretary, 1} > 
263 College Station, Durham. NORTH TEXAS Organ i 

Headquarters, Dallas, Tex. Meets, Second Monday President, ‘I 


Anspacner, Tower Petroleum Bldg. Secretary, L. C. McCiananan, ¢ 
Great National Life Bldg. NORTHERN OHIO: Organized, 1 
Headquarters, Cleveland, O. Meets, Second Monday. President, J. A 
ScuurMAN, Jr., 2700 Washington Ave. Secretary, P. D. Gayman, 214 
E. 19th St., Cleveland. 


OKLAHOMA: Organized, 1935. Headquarters, Oklahoma City. O 
Meets, Second Monday. President, A. R. Morin, 2115 Sherman. Sect 
tary, J. H. Carnahan, P. O. Box 1498. ONTARIO: Organized, 192 
Headquarters, Toronto, Ont. Meets, First Monday. President, D. O. P 
131 St. Germain Ave. Secretary, H. R. Roru, 57 Bloor St., W. OF 
Organized, 1939. Headquarters, Portland, Ore. Meets, Thursday after 
First Tuesday President, B. W. Farnes, 122 N. E. Broadway 5 


tary, R. E. Chase, Jr., 506 Railway Exchange Bldg PACIFIC } : 
WEST Organized, 1928 Headquarters, Seattle, Wash Meets, S 

Tuesday President, IH. T. GrRirritu 1411 ourtl Avenue B 

Secretary, R k LeRicue, 405 Terminal Sales Bldg ™ 


PHILADELPHIA Organised, 1916 Headquarters Philadelphi I 
Meets, Second Thursday. President, H. B. Hepees, State Rd. and R 
St. Secretary, R. D. Tovron, 9th and Columbia Ave PITTSBI 
Organized, 1919 Headquarters, Pittsburgh, Pa Meets, Second Mond 
President, C. M. Humepnureys, Carnegie Institute of Technology 


tery, E. H. Riesmeyer, Jr., 231-33 Water St 


e . a 
ST. LOUIS: Organized, 1918. Headquarters, St. Louis, M: M 
First Tuesday. President, M. F. Cartocx, 7008 Amherst, University Cit 
Mo. Secretary, W. J. Oonx, 4548 Red Bud Ave. SOUTH TEX 


Organized, 1988. Headquarters, Houston, Texas. Meets, Third Fr 
President, D. S. Coorer, 216 E. Cowan Dr. Secretary, A. M. Cuase, J 
Box 359. SOUTHERN CALIFORNIA Organized, 1930. Iieadquart 
Los Angeles, Calif. Meets, First Wednesday. President, H. H. Buti 
212 N. Vignes St. Secretary, Leo HuncGerrorp, 4851 S. Alameda 
WASHINGTON, D. C. Organised, 1935. Headquarters, Washingt 
D. C. Meets. Second Wednesday. President, R. S. Ditt, 16038 S. Spriv 
wood Dr., Silver Spring, Md. Secretary, J. W. Marxerr, 8506 Gar 
St., Bethesda, Md WESTER MICHIGAN Organized, 1931 
quarters, Grand Rapids, Mich Uects, Second Monday. President, W 
ScuHLIcuTinG, 1417 W. Lovell St., Kalamazoo. Secretary, H. J. Metz 
137 E. Water St.. Kalamazoo WESTERN NEW YORK Orgar 
1919. Headquarters, Buffalo, N. Y. Meets, Second Monday. Pres 
H. C. Scwarer, 197 Union St., Hamburg, N. Y. Secretary, Herma 
Seecsacn, Jx., 45 Allen St. WISCONSIN Organized, 1922 H 
quarters, Milwaukee, Wis Veets. Third Monday. President, T. 
Hucuey, 906 N. 4th St Secretary, O. A, Troster, Rte. 2, Thiensy 
Wis. 
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